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Abstract 
Drug discovery is one of the most challenging research fields that contributes to the birth of novel 
drugs for therapeutic use. Due to the complexity and intricate nature of the research, lengthy 
processes are involved in identifying potential hit molecules for a therapeutic target. To shorten 
the time required to reach the hit-to-lead stage, computer-aided drug design (CADD) has been 
used to expedite the process and reduce laboratory expenses. Common strategies used within 
CADD involve structure-based drug design (SBDD) and ligand-based drug design (LBDD). Both 
strategies were used extensively in two projects showing the complementarity of each strategy 
throughout the process. In this work, two separate drug discovery projects are detailed: 
1. Design, synthesis and molecular docking study of novel tetrahydrocurcumin analogues as 
potential sarcoplasmic-endoplasmic reticulum calcium ATPases (SERCA) inhibitors – 
details the identification, synthesis and testing of potential hit candidate(s) targeting 
SERCA by using SBDD 
2. Filamenting temperature-sensitive mutant Z (FtsZ) as therapeutic target in ligand-based 
drug design – details the identification, synthesis and testing of potential hit molecule(s) 
targeting FtsZ  
In the first project, homology modelling and virtual compound library screening were utilised as 
the SBDD methods to identify potential hit molecules for testing in P-type calcium ATPases such 
as SERCA. Preliminary results have found compound 20, an analogue of tetrahydrocurcumin, to 
show some SERCA inhibitory effect at 300µM based on a SERCA-specific calcium signalling 
assay performed via fluorometric imaging plate reader. Molecular docking study has also reflected 
this outcome with desirable ligand-protein binding energies found for 20 when compared with 
other tested ligands. Pharmacophore screening was used as the main LBDD method in the second 
project to identify probable hit candidates targeting FtsZ. Potential ligands were synthesised, and 
tested for antibacterial effect in Bacillus Subtilis strain 168 (Bs168) and Streptococcus pneumoniae 
strain R6 (SpnR6) cells. One of the tetrahydrocurcumin analogues, compound 4, was found to have 
minimum inhibitory concentration (MIC) ≤ 10 µM in Bs168 cells and ≤ 2 µM in spnR6 cells. The 
IC50 values for 4 were 9.1 ± 0.01 µM and 1 ± 0.01 µM in Bs168 and SpnR6 cells respectively. The 
MIC of 4 was found to be very similar to the MIC of compound 1, a known hit compound targeting 
against Bs168 cells. On the other hand, the MIC of 4 was lower than the MIC (> 64 µg/mL) of a 
well-known FtsZ inhibitor, PC190723, against S. pneumoniae. Subsequent molecular docking 
analyses were completed to evaluate the ligand-protein binding energies to correlate against the 
testing results. Both compounds 20 and 4 possess some structural similarities and differences that 
may confer their different effects in these protein targets, which render both with potentials to 
become the next lead molecules for future development. 
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 Introduction of drug discovery and computer-aided drug 
design 
 
 
Panacea or poison – a double-edged sword 
 
 
1.1 A brief overview on the historical perspectives in drug discovery 
 
The quest to search for new drugs can be dated back to the 1870s in the dye industry. Ehrlich 
identified the selectivity of different dyes for a variety of biological samples and postulated the 
theory of chemoreceptors which could be potentially used as therapeutic targets.[1] Several 
other examples using analytical chemistry also identified and isolated medicinal molecules 
from natural sources such as morphine from opium extract.[2] This was followed by the 
discovery of penicillin, initially by Fleming in 1929 and later further studied by Chain and 
Florey in 1938, which produced one of the first broad-spectrum antibiotics and at the same 
time established a new era in drug discovery. 
 
Together with the initiation of human genome project in the 1990s and its completion in April 
2003 [3], more protein targets were identified for therapeutic investigations. Target 
identification and validation is the first link in the drug discovery pipeline which is already a 
complex process ensuring the protein target is suitable for drug discovery and design.[4] More 
and more interdisciplinary collaborations have since then taken place in the field of drug 
development. This has evolved over many decades to involve the contributions from chemistry, 
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pharmacology, biochemistry, microbiology and molecular biology. Each of these different 
fields helps researchers to understand the disease mechanisms and pathogenesis that leads to 
different experimental designs to find suitable cures. 
 
Molecular modelling was first used by Hendrickson in 1961 to calculate the conformational 
energies of cycloheptanes on an old IBM 709 computer, which introduced the concept of a 
force field that calculates the energy of molecules within a system based on their 
conformations.[5] Research into improving computer technology, graphics capability and 
algorithm developments has since been ongoing to design more powerful computer software 
programs, aiming to decipher the molecular secrets in biological systems. The interest of 
utilising molecular modelling can be seen in computer-aided drug design (CADD) which 
started in 1981 when Fortune magazine published a cover article named the “Next Industrial 
Revolution: Designing Drugs by Computer at Merck”.[6] There was a general excitement about 
using CADD through the concept of designing drugs atom-by-atom. The popularity of using 
CADD diminished later due to the competitions from an increasing use of high-throughput 
screening and combinatorial chemistry, but the interest was rekindled when human 
immunodeficiency virus (HIV) protease inhibitors were discovered by using structure-based 
drug design (SBDD) in the mid-1990s.[6] Currently, there are more needs than ever to develop 
novel techniques in CADD to assist in the long journey of drug discovery. Several possible 
newer approaches, some based on known principles, such as the use of bioisosteres, fragment-
based drug design and diversity-oriented synthesis are suggested for the near future.[7]  
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1.2 Computer-aided drug design (CADD) 
 
The advantage of using CADD is to shorten the time and resources required for identifying 
novel hit molecules for further biological activity evaluations. The ultimate aim of using 
CADD is also to accurately predict the protein-ligand free energies of binding or the binding 
affinities.[8, 9] It is one of the key tools used to optimise known lead compounds by improving 
their physicochemical and pharmacokinetic properties.[8] There are two major and commonly 
used methods for CADD which are SBDD and ligand-based drug design (LBDD). These 
methods will be discussed in section 1.3 and the applications of each method will be described 
further in chapters two and three.  
 
1.3 Methods in CADD 
1.3.1 Structure-based drug design (SBDD) 
 
SBDD is normally adopted when the three dimensional (3D) structure of target protein is 
known from its X-ray crystallography and the aim is to discover and identify probable hit 
compounds that may bind to potential druggable sites on the protein receptor. The binding of 
the hit compounds to the protein receptor will form a ligand-protein complex that will in theory 
elicit some biological or pharmacological and therapeutic effects in the system. In order to 
simulate this binding process, in silico molecular simulations are used to investigate and 
analyse the optimal chemical fitness between the chemical structure of the ligands and also the 
amino acid residues lining the inside of the binding cavity of the receptor.  
 
There are several strategic applications of molecular simulations in SBDD that are important, 
in particular some major molecular recognition principles and interpretation of biophysical 
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measurements and their related principles will be discussed below.[8] These applications are 
all aiming and helping towards optimising the affinity of the ligand to its target receptor. 
However, before reaching this goal, there are several molecular issues that needed to be 
considered which are pertinent to the CADD context in order to optimise the in silico prediction 
of protein-ligand binding. These issues will be discussed in section 1.3.7. 
 
1.3.2 Protein structure prediction methods 
1.3.2.1 Comparative modelling 
 
Comparative modelling, or more traditionally known as homology modelling, has been the 
main strategy used for building in silico 3D protein models when the protein structures have 
not been determined experimentally. The concept of using this technique is based on the 
general observations that protein sequences with evolutionary similarities will also have the 
same similarities in their 3D structures.[9] Comparative models of 3D protein structures have 
been constructed for the last two decades by using a knowledge-based method from determined 
homologous protein crystal structures.[10, 11]  
 
Comparative modelling is known to be the most commonly used protein structure modelling 
method.[12] A reasonable and good 3D comparative model will have a homologous template 
with a global sequence identity of at least 30% or above.[12] It is considered that the model 
quality deteriorates rapidly once the sequence identity falls below 30% which has been coined 
“the twilight zone”.[13] Comparative modelling mainly involves three steps which begins with 
the identification of known protein template structures to model the target protein. This is then 
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followed by aligning the protein sequences between the template and target protein, which will 
lead onto the final step of creating and building a 3D model of the target protein. 
 
1.3.2.2 Identification of protein template 
 
The desired protein templates can be obtained from the Research Collaboratory for Structural 
Bioinformatics (RCSB) PDB.[14] Protein sequence alignment programs are commonly used 
for this purpose with examples such as BLAST [15] and PSI-BLAST [16]. BLAST aligns two 
protein sequences by using a scoring scheme of substitution matrix that aligns two amino 
acids.[12, 15] However since there has been an exponential growth in the protein sequence 
database such as UniProtKB/Swiss-Prot [17], more computer power is needed to increase speed 
and sensitivity in results. Therefore PSI-BLAST was introduced which exceeds BLAST by 
running at three times the speed and sensitivity by using a position-specific score matrix to 
search the database.[16] PSI-BLAST also uses evolutionary information from homologous 
proteins in its sequence search and alignment in order to identify any patterns within multiple 
sequence alignments of evolutionarily related protein species. 
 
Hidden Markov Models (HMMs) is the more advanced form of PSI-BLAST that can also 
recognise additional insertions or deletions in the multiple sequence alignments.[12] During 
the process of multiple sequence alignment, HMMs actually builds a profile of the group of 
protein sequences. This profile will contain position-specific gap penalties applied to the 
insertions or deletions in the protein sequences.[18] Examples of commonly used HMMs-based 
methods are HHsearch [19] and HMMER [20] where both have the ability to search for 
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templates with high structural similarity to the target protein even though low global sequence 
identity is found. 
 
1.3.2.3 Template-sequence alignment 
 
The next step in the modelling process involves aligning the identified protein template with 
the target protein sequence. The principle of alignment is based on the concept that proteins 
with similar sequences tend to share the similar 3D structure.[9] Specific comparative 
modelling programs can be used to predict the 3D atomic coordinates of the target protein, 
which can be used to match the corresponding amino acids on the identified template.[12] 
Deleted or inserted polypeptide loops will be represented by gaps in the aligned sequences.[18] 
Loop additions or insertions will be discussed in more details in section 1.3.2.4 below. 
 
Two main methods are adopted which involve matching two sequences along their entire 
lengths or aligning only at local sections from the sequences. Examples of these algorithms are 
the Smith-Waterman [21] and Needleman-Wunsch [22] methods which require intensive 
computer power to do the search and therefore are not suited for large sequence databases due 
to an extensive amount of time required. Heuristic methods, on the other hand, use less 
computer power and generate more approximate results. Both BLAST [15] and FASTA [23, 
24] are well-known examples of using the heuristic approach to search for desired sequence in 
a large database within a reasonably short time.[18] 
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1.3.2.4 Construction of protein model 
 
Construction of protein model after template-sequence alignment involves four main steps. 
Coordinates from structurally conserved regions of the template are used to assemble the basic 
backbone of the model, which also forms the important core of the protein.[12, 18] Some 
residues may be deleted within the query and template sequences due to low sequence identities 
of 30% to 40%.[25] The holes that formed from the deletions will be closed off by forming 
new peptide bonds. This is then followed by step two which involves inserting loops in certain 
conformations in order to join the specific part of the protein core with low internal energy and 
without unfavourable interactions with the rest of the structure. Suitable loops can be found 
through high resolution fragment libraries such as PDB [14] or structural domain resources 
such as CATH [26, 27] or SCOP [28]. The difficulty of model building increases when the 
number of loop conformation increases, especially when the loop size is more than seven amino 
acid residues.[12] 
 
The next stage will be adding suitable side chains to the protein backbone of the prospective 
model. A simpler scenario can ensue when there is a high sequence identity between the target 
protein and template as the side chain conformations can often be directly transferred from the 
template onto the model.[18] However, when the sequence identity is low in areas such as the 
loop regions, other strategies, either systematic or random methods, need to be used to predict 
the side chain conformations. Dead-end elimination (DEE) [29] is used as one of the systemic 
methods for this purpose. DEE is able to identify rotamers which are groups of side-chain 
conformations that cannot be part of the protein’s global minimum energy conformation.[29] 
This way it reduces the computational power required to search for a huge amount of 
conformational space. An improved version of DEE is also proposed by using the observed 
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generic behaviours seen in spin glasses in comparison to the side-chain conformations in 
proteins and is shown to be more efficient in eliminating rotamers.[30] Another method known 
as the Fast and Accurate Side-Chain Topology and Energy Refinement (FASTER) also 
produces similar results but at a much faster speed than DEE.[31] The FASTER method finds 
that most flexible side-chains are seen in solvent-oriented residues and rigid ones are found in 
the protein core. Some examples of the stochastic method to optimise side-chain conformations 
can be seen in the early Metropolis Monte Carlo procedure[32] and simulated annealing 
method.[33] Other types of optimisation methods include heuristics processes which use the 
information gathered from correlations between protein backbone structure and side-chain 
conformations.[34, 35] 
 
The final step will be refining the comparative model after the completion of all previous steps 
as often the model will end up high in energy. At this point, the model is prone to have 
unfavourable steric clashes between atoms which is the main culprit for the high global energy 
produced. To minimise the high energy, many molecular docking programs use molecular 
dynamics (MD) simulations to perform energy minimisations on desired models to complete 
the model building process. However, care is needed to avoid over-refining the structure due 
to risks of changing critical structural aspects of the target protein and producing significant 
deviations of the model from its original template.[12, 18] Once this is completed, the model 
will be subjected to numerous validation checks to ensure its quality. 
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1.3.3 Fold recognition or threading 
 
Threading method, also known as the fold recognition method, is often used in the case when 
there are no precise sequence homology available to any known protein structure.[36] The 
target protein sequence will be threaded through each of the protein structures existing in a 
library of all known protein folds. The target sequence will then be aligned accordingly in a 
sequence-to-structure perspective. This step is achieved by using an energy scoring function to 
assess the energy of a particular sequence-structure alignment against a corresponding coarse 
structure. This threading technique is based on the assumption that although the protein 
sequence bears very weak sequence similarity to a cohort of protein structures, they will all 
adopt similar protein folds and overall 3D structures.[18] It is particularly useful to use 
threading when there are less than 20-30% of sequence identities between the target sequence 
and sequence homologue where comparative modelling will not be deemed suitable. Several 
different threading software programs were developed based on the concept mentioned above 
by different groups such as Threader [37, 38] and Iterative Threading ASSEmbly Refinement 
(I-TASSER) [39] which has been ranked as the number one server in the recent Critical 
Assessment of techniques for protein Structure Prediction (CASP) 7 to 12 experiments. 
 
1.3.4 Ab initio or first principles methods 
 
Ab initio or first principles method is the most challenging method out of the three most 
commonly used methods for protein structure prediction. This method is often used when there 
is no homologous protein structure available for a designated protein sequence. The concept 
begins with exploring the conformational space of a molecule in order to reach the most 
suitable structure as a whole.[18] Because of this, an immense amount of conformations are 
14 
 
possible which means in order to tackle this problem based on sequence only, an energy-
minimised structure will be the best starting point. Empirical force fields are normally used 
with solvation terms throughout the process. The global minimum in the energy function is 
also assumed to be similar to the naturally occurring structure of the molecule. 
 
There have been many different examples of ab initio methods throughout the years. Low-
energy regions of the Ramachandran plots have been used to construct 3D amino acid templates 
for peptides.[40] The same algorithm used for the peptides is also applicable to proteins where 
a random dihedral search is used. A more complex random search method is also used, which 
is based on the observation that local dipoles of an amide unit often have a favourable alignment 
in the electrostatic field of the protein.[41, 42] Rule-based approaches are then used to predict 
secondary structures in protein models.[18] This is basically to assign each amino acid to one 
of the three main regions of a protein structure which are alpha (α)-helix, beta (β)-strand and 
the loop region. Several groups use this approach based on either statistical method [43], 
information theory [44] and neural network [45] to achieve this. However, it is also found that 
most of these particular methods only managed to reach around 65 to 70% accuracy. Methods 
developed in the 1990s have improved the accuracy to be over 70% by using multiple 
sequences.[46-48] Rosetta is one of the popular ab initio protein structure prediction methods 
that has been developed recently.[49] It is based on a knowledge-based scoring function by 
using fragments of unrelated protein structures with similar local sequences to predict protein 
structure, while using a simplified simulated annealing procedure. Some evidence of successes 
and also failures are seen from Rosetta fragment insertion protocol in the CASP5 
competition.[50] Another top-performing approach is QUARK from CASP9, which builds 
models from small residue fragments by replica-exchange Monte Carlo simulations based on 
a composite knowledge-based force field.[51] 
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1.3.5 Model Validations 
1.3.5.1 The Structure Analysis and Verification Server 
 
The Structure Analysis and Verification Server (SAVES) is a meta-server provided by the 
Molecular Biology Institute at the University of California, Los Angeles, that comprises of 
several different types of programs for protein structure checks and validations during and after 
protein model refinement.[52] The main programs that have been used to validate all the 
homology models produced in chapter two include Verify_3D, ERRAT, PROVE and 
PROCHECK which contains several different stereochemical checks, including 
Ramachandran plots, on the protein structures. All of these individual structure verification 
components will be discussed in more detail below.  
 
1.3.5.2 Verify_3D 
 
This program checks the 3D protein structure by determining the three main environmental 
features of each amino acid residues in the 3D model.[53, 54] These three features are the total 
area of protein side chains that is buried by other atoms, the fraction of the side-chain area that 
is covered by water molecules or polar atoms, and lastly the local secondary structure of the 
protein. By having analysed the environmental features of each residue, this helps to categorise 
each residue position into an environmental class, which then converts a 3D protein structure 
into a one dimensional (1D) sequence. The next step will be to use the 1D sequence or 
environmental string to search for the most favourable protein sequence alignment with a 3D 
protein structure. A 3D-1D score is assigned to each of the 20 amino acid residues found at the 
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specific residue position for different environmental classes. An example of such can be the 
unlikeliness to see a charged amino acid residue in a non-polar area of the protein. The 3D-1D 
scores will be used in an alignment algorithm to search for the preferred 3D protein sequence. 
In summary, a 3D profile of the protein in question will be built in order to assess its quality 
with correct protein structures that match their own sequence with high scores.[55] 
 
1.3.5.3    ERRAT 
 
ERRAT is based on the observation that different atom types are distributed non-randomly 
with respect to other atoms due to energetic and geometric effects.[56] This is commonly seen 
in highly refined protein crystal structures. Oppositely, more random distribution of these atom 
types will be seen in the error regions of a protein structure. Atoms are classified into three 
main categories which are carbon (C), nitrogen (N) and oxygen (O). This then forms the six 
different combinations of non-covalently bonded interactions in a pairwise fashion such as CC, 
CN, CO, NN, NO and OO. Statistical comparison of a pairwise atomic interactions is used to 
evaluate the protein structure in question against 96 highly refined proteins obtained from the 
RCSB PDB. The values of error function found from the statistical analysis between the atom 
types are plotted against the position of a nine-residue sliding window, which is used to test if 
the method would apply to small regions in protein. The outcome is presented as a quality 
factor expressed in percentage for the protein in question when the calculated error value is 
below the 95% rejection limit. This then differentiates the highly refined structures with good 
resolution, which normally obtain a quality factor of 95% or higher, from the less well refined 
structures with poorer resolution of 2.5 to 3Å that has an average quality factor of around 91%. 
 
17 
 
 
1.3.5.4 PROtein Volume Evaluation (PROVE) 
 
PROVE is a volume-based structure validation program that uses the standard ranges of atomic 
and residue volumes from 64 highly resolved and well-refined protein crystal structures from 
RCSB PDB.[57] The uncertainties of the atomic volumes from the standard values will be 
evaluated as the volume Z-scores which is the main parameter used to check the quality of 
protein structure. Specifically, a volume Z-score root mean square deviation is used to measure 
the average amount of volume irregularities in the protein structure. In simpler words, each 
atom is treated like a hard sphere for the volume calculations where statistical analysis is used 
to find out the Z-score uncertainties of the model structure against the standard values from the 
highly refined structures with resolution of 2.0Å or better. Protein models with more than 5% 
of buried atoms, as defined as having no surface area accessible to solvent molecules in a water-
free environment, have higher chance of having some stereochemical errors within its structure. 
Some of these discrepancies can be due to the heterogeneous nature of the protein for its 
functional purpose. Therefore, the impact of the PROVE results needs to be interpreted 
appropriately within the protein structure-function context. 
 
 
1.3.5.5 PROCHECK 
 
PROCHECK is used to check the stereochemical quality of the protein model based on a 
number of well-known stereochemical parameters calculated from protein structure 
coordinates from high-resolution protein structures. Mean values of a list of stereochemical 
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parameters derived from these structures are shown in Table 1. The main global parameters 
used by Morris et al. include the distribution of the phi (φ), psi (ψ) and chi (χ)1 torsion angles 
and also hydrogen bond energies.[58] Other additional parameters that also contribute towards 
the process of analysis consist of proline φ angles, peptide bond planarities, disulphide bond 
lengths, and their χ3 torsion angles. It is also important to take into account the resolution and 
R-factors for the assessment of the X-ray structure quality. Protein models obtained from 
various methods can be checked against these stereochemical parameters to validate their 
quality. A comprehensive residue-by-residue listing is compiled to narrow down the specific 
residue in question from the protein model. 
 
Stereochemical parameter Mean value Standard 
uncertainty 
φ - ψ in most favoured regions of 
Ramachandran plot (%) 
>90 N/A 
χ1 dihedral angle ( º ) 
Gauche minus 
trans 
Gauche plus 
 
64.1 
 
15.7 
183.6 16.8 
-66.7 15.0 
χ2 dihedral angle ( º ) 177.4 18.5 
Proline φ torsion angle ( º ) -65.4 11.2 
Helix φ torsion angle ( º ) -65.3 11.9 
Helix ψ torsion angle ( º ) -39.4 11.3 
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χ3 (S-S bridge) ( º ) 
Right-handed 
Left-handed 
 
96.8 
-85.8 
 
14.8 
10.7 
Disulphide bond separation (Å) 2.0 0.1 
ω dihedral angle ( º ) 180.0 5.8 
Main-chain hydrogen-bond energy 
(kJ mol-1) 
-8.50 3.14 
Cα chirality – ζ ‘virtual’ torsion 
angle (Cα – N – C - Cβ) ( º ) 
33.9 3.5 
Table 1. Stereochemical parameters based on high-resolution protein structures adapted from 
Morris et al.[58] 
 
 
1.3.5.6 Ramachandran plots 
 
Ramachandran plots are generated as part of the PROCHECK program which are one of the 
well-known techniques used to verify and validate the fitness of a protein model. 
Ramachandran plot serves as a useful tool to evaluate the quality of a protein’s 3D structure. 
The plot provides an overall view of the distribution of torsional angles in a protein 
structure.[59] This is based on the observations from Ramachandran et al. [59, 60] that the φ – 
ψ space for a protein dipeptide is very restricted except for glycine which does not have a Cβ 
present.[58] The φ – ψ space restriction is due to the steric clashes within the protein side 
chains. This is further supported by the fact that the φ – ψ angles often move into the allowed 
conformations when the protein structure undergoes further refinement. 
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The study uses 463 protein structures derived from RCSB PDB to analyse the distribution of φ 
– ψ angles for 121,870 residues except proline, due to presence of a pyrrolidine ring restricting 
the φ angle to an average of -65º, and glycine, due to the lack of Cβ side chain.[58, 59] Average 
percentages of residues found within three regions of the protein structures (core, allowed and 
generous) are calculated for each protein structure. This shows the residue percentage 
population in the plot regions for the selected protein structures. It is found that around 81.9% 
of the residues are in the core or energetically favourable region in all of these protein 
structures. In good quality protein structures with a resolution of at least 2.0Å and R-factor of 
0.20 or less, the percentage of residues inside the most favourable region will be higher than 
90%.[61] 
 
1.3.6 Binding site detection 
 
About three decades ago, Kuntz et al. [62] and Goodford [63] developed procedures and 
methods to identify putative and optimal binding sites between ligands and protein 
macromolecules. Goodford used probing groups such as water, methyl group, amine nitrogen, 
carboxy oxygen and hydroxyl groups to search for energetically favourable binding sites on 
proteins of known structures.[63] They developed algorithms to examine many binding 
geometries and assess each by steric overlaps. The method proposed by them was found to be 
useful for formulating starting conformations for energy refinement programmes and 
interactive computer graphics.[62] The techniques and procedures were then further improved 
and numerous computational models have been derived to search for optimal drug binding 
sites.[64-77] Different approaches are used such as using binding site geometry, structures, 
physiochemical properties, and fragment probes. Other methods, including using electrostatic 
potentials and binding surface curvature with the amino acid residues involved, have also been 
21 
 
assessed for identifying desirable binding sites. An example of the methods is called Surface 
Cavity REcognition and EvaluatioN (SCREEN) which is used to identify and characterise 
protein surface cavities.[78] The shape and size of these surface cavities are the most important 
factors used to identify a druggable site on a protein. 
 
SiteMap [79] is an example of a computer program that has been used extensively in the 
projects discussed in chapters two and three. It is part of Schrödinger’s small-molecule drug 
discovery suite for identifying druggable sites on protein receptors. SiteMap is also in 
agreement with the finding from SCREEN where size and relative openness of the binding 
sites are significant factors in site identification.[80] A systematic approach is used throughout 
the binding site searching process in SiteMap. It begins with a search on the protein surface to 
determine if one or more regions can be the potential ligand binding sites.[81]  
 
As suggested by Halgren [80], a site is defined as a set of points on a grid that are bridged by 
small gaps in exposed regions. An algorithm is used for site-searching step initially. It begins 
by placing a 1Å grid around the entire protein receptor or on co-crystallised or docked ligand 
location.[80] Grid points are categorised as either inside or outside the protein by comparing 
the distances of the grid points to the nearby protein atoms against the van der Waals (vdW) 
radii of these atoms. Grid points are only considered to be outside the protein if the ratio of the 
distances is larger than a default threshold of 2.5. These outside grid points will then be further 
assessed for good vdW contacts and enclosure with the protein receptor. Default cut-off vdW 
interaction energy of -1.1 kcal/mol is used to choose the desired grid points for potential use. 
Grid points that have either too small or positive vdW contact energy will not be selected. 
Enclosure is determined by the fraction of radial rays that will intersect the surface of protein 
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receptor within a set distance, which has a default value of 8Å, over evenly spaced areas. 
Outside grid points will only be selected if the enclosure fraction is over a default value of 0.5. 
Overall, only grid points that satisfy both vdW energy and enclosure criteria will be used as 
potential site point candidates. The grid points are then grouped based on satisfying the 
criterion of having a minimum of three points lying within a default distance of 1.76 Å. The 
site-point groups are then merged when the gaps between the points are in an exposed region 
and are of a defined distance of 6.5Å by default. No more than 100 site points are allowed in 
each group within each site-point set to avoid producing unlimited set numbers. A site is 
formed once this step is completed. 
 
In order to detect the property of a site, a probe simulating a water molecule is placed on the 
grid points and relevant vdW and distance-dependent electrostatic interactions generated are 
used to produce the vdW and electric-field grids.[80, 81] These grids will then help to produce 
potentials required to compile the contour maps. Six types of contour maps are available via 
colour-coded mesh systems. The area shaded in yellow represents the hydrophobic region and 
area shaded in green represents the hydrophilic region (Figures 1.1 and 1.2). Hydrogen-bond 
donor region is coloured in violet blue and hydrogen-bond acceptor region is in red (Figures 
2.1 and 2.2). The surface region is shown in grey (Figures 3.1 and 3.2). Metal-binding region 
is normally shown in pink mesh form (figure not provided as not used for projects). 
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Figure 1.1 for chapter 2 Secretory pathway calcium ATPase (SPCA) protein model showing 
hydrophobic (yellow) and hydrophilic (green) regions (close-up view) 
 
 
Figure 1.2 for chapter 3 Filamenting-temperature sensitive Z (FtsZ) protein model showing 
hydrophobic (yellow) and hydrophilic (green) regions (full view) 
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Figure 2.1 for chapter 2 SPCA protein model showing hydrogen-bond donor (violet blue) and 
acceptor (red) regions (close-up view) 
 
 
Figure 2.2 for chapter 3 FtsZ protein model showing hydrogen-bond donor (violet blue) and 
acceptor (red) regions (full view) 
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Figure 3.1 for chapter 2 SPCA protein model showing surface region in grey 
 
Figure 3.2 for chapter 3 FtsZ protein model showing surface region in grey (full view) 
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Hydrophobicity is calculated by adding an electric-field penalty term to the vdW term and 
hydrophilicity is opposite to this where an electric-field reward term is added to the vdW term 
instead.[80] Specific hydrogen-donor and acceptor regions can then be divided within the 
hydrophilicity maps. To demonstrate the openness of the site to solvent molecules, enclosure 
and exposure scores can be calculated. Firstly, extension site points are added to each 1Å site-
point grid with default criteria of being within 3Å of x, y and z directions from an original site 
point and also within 4Å of good vdW contacts with the closest protein atoms. The enclosure 
score can be deduced from the fractions of radial rays intersecting the protein surface within 
10Å that are averaged over the original site points and extension points. The higher the 
enclosure scores the better for a favourable binding site, for example, an average reference 
score of 0.76 is found for a submicromolar site. The exposure score is found from the ratio of 
the number of extension points to the number of the original plus extension points. A lower 
score represents a deeper and more encapsulated site. A higher score will reflect a more open 
and shallow binding site. A submicromolar site tends to have an average exposure score of 
0.52. In summary, the site points are selected based on these physical descriptors:[81] 
 
1) The number of site points involved in a binding site that allow tight protein-ligand or 
protein-protein binding  
2) The degree of enclosure by the protein based on the openness of the site 
3) The degree of exposure by the protein based on the closeness of the site points to the 
protein surface and their distance from solvent molecules  
4) Hydrophobicity and hydrophilicity nature of the site  
5) Hydrogen-bonding acceptor or donor nature of the site 
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A Site Score will be computed at the end by taking into account all of the physical descriptors 
so all possible binding sites can be ranked accordingly. It is used to effectively distinguish sites 
that can bind small molecules to sites that cannot by giving each potential site a Site score. As 
a general rule of thumb, a Site Score of 0.8 will help to distinguish between a druggable and 
non-druggable site. Site Score of at least 1.0 and above indicates a reasonable potential for the 
site to be druggable by a small molecule. However, Site Score only aids in identifying a 
potential drug binding site and does not actually show the degree of druggability for a site. A 
different scoring term is used for this particular purpose, which is the Druggability Score 
(Dscore), in order to classify the degree of druggability. Dscore differs from Site Score as the 
hydrophilic score is not capped at 1.0 as in Site Score. This means Dscore will also enable the 
differentiation of a druggable binding site from a non-druggable one since it is found that 
undruggable sites tend to be more hydrophilic and less hydrophobic than the druggable 
ones.[75, 80] 
 
1.3.7 Protein-ligand docking 
1.3.7.1 Molecular recognition principles 
 
Protein-ligand docking is one of the many approaches available to study the interaction 
between a protein and ligand. In a computational perspective, this allows quick structural 
modifications of the ligand structure in order to fulfil the need for a better binding to a target 
protein to improve the protein-ligand affinity. However, opposite result may sometimes occur 
where the final compound may not reflect the expected improvement in affinity after the 
substituent modifications.[82, 83] The likely reason for this to occur can be due to the 
assumption of a static protein-ligand complex in computational simulation and not considering 
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the contribution of solvent, ligand or protein to the free binding energies and also conformation 
or entropic changes during the protein-ligand interactions. 
 
Conformational changes in protein-ligand interaction can be further explored under the concept 
of receptor flexibility.[84] This concept was initially proposed by Koshland et al. [85] in 1958, 
where the induced fit model is suggested. Within this model, the ligand of interest induces a 
conformational change in the protein to allow for a tighter ligand-protein binding. A different 
theory was also proposed by Nussinov et al. [86-89] who used the term, conformational 
selection or population shift, to describe the phenomenon where the ligand act to selectively 
stabilise specific receptor conformations to produce a shift in the populations of the unbound 
receptors towards this particular conformational state. Another mechanism was then proposed 
in the early 1960s by Changeux, Jacob and Monod [90, 91] where they explained the allosteric 
effects of the ligand-protein binding from the induced fit model. This was later further 
developed into the most widely used Monod-Wyman-Changeux model to describe the theory 
behind allosteric effects in ligand-protein binding.[92] The model essentially explains the 
concept that there is already an equilibrium existing between two conformational states prior 
to the allosteric binding, which differs greatly from the theory proposed by Koshland et al. and 
as the allosteric binding occurs, a shift in the equilibrium will follow. The development of these 
theories eventually attracted the attention to design novel allosteric drugs and to study and 
understand how these drugs are able to influence numerous protein-mediated pathways.[93-
95]  
 
Another important molecular aspect is the disruption of the ligand binding to the energetics of 
water molecules in the protein binding sites, which subsequently affects the rest of the water 
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networks around the bound ligand in solution.[96] Water molecules play critical roles in the 
ligand-protein binding where their presence contributes to both entropy and enthalpy changes 
in the system.[97] One of the early pieces of evidence was provided by Dunitz [98] who 
suggests the entropy cost of transferring a water molecule from the liquid to protein will be 
between zero to two kcal mol-1 (equivalent to zero to 8.364 kJ mol-1). Baron et al. [99] have 
also discovered some thermodynamic signatures where the presence of water appears to drive 
cavity-ligand binding or rejection. This phenomenon of water molecule displacement and re-
organisation by the bound ligand at the binding cavity can also be explained by the well-known 
hydrophobic effect, which is the association of non-polar surfaces in an aqueous environment 
in an energetically favourable state.[100] The characteristics of the hydrophobic interaction 
were demonstrated by Whitesides et al. [100] who confirmed that structured water molecules 
actually determine the thermodynamics of ligand binding at the active site of the protein. A set 
of structurally rigid ligands, arylsulfonamides, and a structurally rigid protein, carbonic 
anhydrase are used during the experiment to confirm the initial hypothesis by using X-ray 
crystallography, MD simulations and isothermal titration calorimetry.[100, 101] 
 
The close study of the role of water molecules in the protein binding sites have led to the 
development of a few computational tools such as WaterMap and Szmap, which are designed 
to simulate the water thermodynamics in entropy-enthalpy term.[102-104] The WaterMap 
developed by Friesner et al. [105-107] basically combines the clustering technique of explicit 
solvent MD simulations with inhomogeneous fluid solvation theory (IFST) method from 
Lazaridis to generate enthalpy and entropy estimates for each water molecule. There are also a 
few other techniques used to simulate the water thermodynamics in protein-ligand binding such 
as SPAM which is a discretised version of IFST and grid cell theory methodology used in an 
industrial setting.[108-110] With more and more approaches developed towards a better 
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understanding of the role of water molecules in protein-ligand binding, the harder it is to choose 
an ideal strategy to distinguish between crucial active-site waters from the less important 
ones.[111] Current recommended and justifiable strategy is to interpret the active-site waters 
with caution by using an ensemble of protein models with different active-site waters present 
along with experimental validation. 
 
The in silico prediction of protein-ligand binding can also be complicated by the difficulty of 
estimating changes in protein and ligand entropies during the binding process.[112] This can 
be due to difficulties in sampling the actual relevant low energy conformations of a solvated 
biomolecular complex.[8] If no reliable complex can be sourced, this will lead to variable 
qualities of molecular simulations. Other potential sources of error are the common 
representation of electrostatic fields with atomic partial charges, which may have 
oversimplified the biological system of interest by assuming only monopole electrostatics are 
present.[113] Several examples have shown that including multipole electrostatics will reduce 
the error generated from monopole electrostatic potentials.[114, 115] An example of a more 
computational intensive second-generation force field, AMOEBA, was developed to address 
the problem of using monopole electrostatic potentials. AMOEBA force field takes into 
account the induced dipoles and replaces partial charges with permanent multipoles.[116, 117] 
 
 
1.3.7.2 Interpretation of biophysical measurements and biomolecular structure 
 
One of the key aspects of using molecular simulation in CADD is to be able to interpret the 
relationship between biophysical measurements and biomolecular structure of the target 
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protein. As mentioned previously, the position of water molecules in the protein binding sites 
is vital and closely related to this aspect in the simulation process. From a protein X-ray 
crystallographic point of view, the number of water molecules in the protein crystallographic 
model is dependent on the resolution of the structure.[118] As reported by Carugo et al. [118], 
a 2.0 Å resolution tends to have one water molecule per amino acid residue in the 
crystallographic model. Therefore, it is highly advantageous to use the simulation technique to 
study the placements of water molecules in a protein receptor. One methodology, Just Add 
Water Molecules (JAWS), was developed for this purpose to predict the position of water 
molecules in the binding site of the protein and protein-ligand complex by using a statistical 
thermodynamics approach.[119] However, it is noted that classical force fields may not be able 
to accurately model the crystal-growing conditions due to the use of complex buffer and low 
temperature settings.[8] 
 
Another method used to determine the protein structure is by using nuclear magnetic resonance 
(NMR) spectroscopy especially when the protein is difficult to be crystallised or if protein-
ligand interaction is important for the specific protein target.[8] Both NMR spectroscopy and 
X-ray crystallography are well-known complementary methods for protein structure 
determination.[120, 121] Over time, more and more MD programmes were developed with the 
intention of refining protein NMR structures under various conditions. Examples of specialised 
MD programmes such as OPAL or Crystallography and NMR system (CNS) were 
introduced.[122, 123] Other more generalised MD programmes include Assisted Model 
Building with Energy Refinement (AMBER), Groningen machine for chemical simulation 
(GROMACS) or Chemistry at Harvard Macromolecular Mechanics (CHARMM).[124-126] 
An online web interface, AMBER-based portal server for NMR structures (AMPS-NMR), was 
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later developed for refining NMR structures by using restrained MD based on the AMBER 
protocol.[127] 
 
Traditionally, the amount of experimental data is inadequate to generate a protein model 
structure accurately. This is improved with known advantage of using explicit solvent 
molecular simulation and the most recent force fields, hence more efforts are placed into using 
NMR chemical shifts to improve the structure simulation. It is suggested that these chemical 
shifts can better simulate the conformational fluctuation of the protein target, especially by 
using the average of an ensemble of protein structures covering a large part of conformational 
space.[128] Another useful application of protein NMR is to help generate ligand binding 
modes on the protein receptor based on the gathered chemical shift perturbations (CSP).[8] 
This is demonstrated by using a hybrid scoring scheme that included a weighted sum of 
DrugScore which described the protein-ligand interactions and Kendall’s rank correlation 
coefficient that scored the ligand poses with respect to their agreement with the experimental 
chemical shift perturbation data.[129] The combination of both docking methodologies and 
CSP seemed to produce more tenable binding modes that enabled studies of ligands binding to 
flat interface regions on proteins or proteins with intrinsically disordered systems.[129-131] 
 
 
1.3.7.3 Scoring functions for evaluating ligand-protein complexes 
 
Molecular mechanics (MM) are used to calculate the energy of the ligand-macromolecule 
binding complex.[132] This is the early attempt to calculate the affinity of the ligand to a 
presumed binding site on the protein. The basic principle involves subtracting the free ligand 
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and free receptor energy from the total energy obtained by the complex. The difference will be 
the approximate enthalpy of binding. Essentially all docking applications nowadays require 
rapid and accurate evaluations of the protein-ligand complexes that involve the best possible 
approximation of the energy used in the complex interaction.[133] In order to do this in an 
efficient way, scoring functions are developed to rank all the target-ligand poses generated and 
also to distinguish the viable and valid binding modes from the invalid ones. The prediction of 
all the ligand-protein poses is generated by the docking algorithms which will be discussed in 
more details in sections 1.3.7.8 and 1.3.7.9. Overall, there are four main types of scoring 
functions used. These are knowledge-based, force-field or molecular mechanics-based, 
empirical-based and consensus-based scoring functions. 
 
 
1.3.7.4 Force-field or molecular mechanics-based scoring function 
 
One of the early pioneers in using force fields to model biological macromolecules was Karplus 
et al. [134] who proposed the initial theories describing the protein folding dynamics by using 
two limiting models, random-search nucleation and chain propagations, and diffusion-
collision. This was later developed into various researches using force-fields to evaluate 
protein-ligand interactions. Examples of two well-known and widely used MM force-fields are 
CHARMM [135] and AMBER [136] as mentioned previously. Two major non-covalent energy 
terms are used in the force-field method which are the van der Waals interactions based on the 
Lennard-Jones potential theory and electrostatic or coulombic energy to illustrate the target-
ligand interactions.[137, 138]  Besides these two energy terms being used, hydrogen-bonding 
is also used in the force-field energy function either as an additional term or implicitly included 
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in the electrostatic term.[137] Solvation energy term was also added later into the force-field 
scoring function which means the formula describing the Gibbs’ free energy of binding 
becomes (Equation 1):[139] 
 
∆Gbinding = ∆Evdw + ∆Eelectrostatic + [∆EH-bond] + ∆Gdesolvation 
 
The force field scoring function that takes into account the solvation term thus elicits the 
Poisson-Boltzmann (PB) and Generalized Born (GB) continuum solvation models.[140, 141] 
Explicit solvent model is used initially to focus on treating solvent molecules at atomic levels 
which also means that high computer power and cost are needed to run the modelling work. To 
overcome this intense usage of computer resources, PB methods for implicit solvent model was 
developed to calculate solvation free energies. Subsequently a simpler implicit solvation model 
known as the GB model was formed that uses much less computational expense and reproduces 
similar results when compared to the PB methods.[142] Further advancement of the GB 
method uses a Gaussian surface instead of the conventional van der Waals surface in the GB 
model and shows improvement in the solvation energetics due to increased solvent 
accessibility.[143] 
 
One of the common approaches being used in SBDD is MD simulation which is used by both 
of these solvation models in their configurational sampling methods.[137] MD is commonly 
used to investigate the complex system of biological molecules in silico. In particular, MD 
simulation assists in the understanding of how ligands bind to target protein, the pathway of 
35 
 
interactions and also target flexibility.[138] Undoubtedly MD simulation is commonly 
incorporated into the scoring function to enable the evaluation of target-ligand complexes. 
 
One study has compared different methods of free energy prediction for protein-ligand 
complexes and found both molecular mechanics Poisson-Boltzmann surface area (MM-PBSA) 
and molecular mechanics Generalized-Born surface area (MM-GBSA) methods have the most 
optimal correlation between the estimated and experimental values.[144] An example of a 
docking algorithm that is based on an all atom protein force field (OPLS) and a Generalized 
Born continuum solvation model have shown increases in pose selection accuracy.[145] 
Another example has also demonstrated better binding affinity prediction by producing 
improved modelling of protein-ligand protonation states when the GB and Poisson continuum 
models were used along with the CHARMM force field.[146] However both MM-PBSA and 
MM-GBSA have their own strengths and weaknesses in which MM-PBSA is shown to be 
useful at predicting absolute but not relative binding free energies than MM-GBSA.[147] MM-
GBSA on the other hand is more computationally efficient and therefore more widely used in 
drug discovery projects. Both MM-PBSA/GBSA are nevertheless useful for evaluating post-
virtual screening and docking results to help re-rank the ligand-target poses to increase the hit 
rates.[140]  
 
Prime MM-GBSA module within the Schrödinger programme suite is used in the projects 
which will be discussed later in chapters two and three. The MM-GBSA module from this 
particular software is developed to predict the binding affinities and strain energies of the 
ligand-target complexes.[148] The calculated values do not necessarily reflect the exact 
experimental binding affinities but the ligands will be rank-ordered based on the calculated 
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binding energies (MM-GBSA ∆G bind). The MM-GBSA ∆G bind is based on the equation as 
suggested by Schrödinger (Equation 2):  
 
∆G bind = E_complex (minimised) - E_ligand (minimised) - E_receptor (minimised) 
 
The ligand strain energy can be calculated from the difference between the calculated energy 
for the ligand extracted from the optimised complex, as if the ligand is optimised in the receptor 
binding pocket, and the calculated energy minimisation of the ligand outside the receptor. The 
ligand will be treated alone in solution for both calculations.  
 
The Prime MM-GBSA module is derived from a surface-area-based version of the generalised 
Born (SGB) model.[149] The SGB model has empirical correction scheme trialled to correct 
the energy prediction errors in order to be comparable to the PB results. This SGB model is 
further refined to take into account the hydrophobic term and variable dielectric constant to 
improve protein loop and side chain predictions in the homology models.[150, 151] The newer 
version of Prime MM-GBSA in 2011 and later versions have also added the ability to assign 
the protonation state of the receptor model which improves long protein loop prediction of up 
to 20 residues.[152] Numerous studies have used MM-GBSA method to explore the energetics 
and structure of nucleic acid and protein-protein interactions. An example can be used where 
the binding free energies of filamin A subunits with bound peptides are estimated and also used 
in lead optimisation and discovery projects involving protein kinase inhibitors.[153-156] 
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1.3.7.5 Empirical-based scoring function 
 
As suggested by the name, empirical-based scoring function is based on the concept of 
calculating binding free energy from the weighted sum of energy terms that are 
uncorrelated.[138] An early example of this type of scoring function was shown by Böhm who 
has suggested a simple empirical function to estimate free energy of binding for a given protein-
ligand complex of known 3D structure.[157] ChemScore was later created and used in the 
GOLD software [158-160] to evaluate the protein-ligand interactions by using the following 
formula (Equation 3):[161] 
 
ChemScore = SH-bond + Smetal + Slipophilic + Protor + Pstrain + Pclash + [Pcovalent + Pconstraint] 
 
Here “S” denotes all the rewarding scores such as hydrogen bonding, bonds with metal ions 
and lipophilic contacts whereas “P” covers all the penalties such as frozen rotatable bonds, 
covalent bonding, restrained docking, internal ligand strain energy and any steric clashes 
between the protein and ligand.[137, 161] Because different energy terms are used to devise 
the scoring function, it needs to be calibrated in the first place by using regression analysis, 
such as multivariate linear regression or partial least-squares analysis, in order to ensure the 
best weight factors are used for each term.[133, 137, 138] 
 
It is suggested that both force-field and empirical-based scoring functions are very similar in 
theory and may be hard to distinguish since both use individual energy terms from the overall 
protein-ligand binding free energy.[137] However, empirical-based scoring function has more 
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flexibility by using more intuitive functional forms than the force-field type, which is normally 
based on a known and well-established theoretical model.[137] Because of this advantage in 
the empirical-based scoring function, several other scoring functions have been built using the 
same principle such as piecewise linear potentials (PLP) [162, 163], X-CSCORE [164] and 
Glide score [165, 166]. In particular, Glide is deemed as one of the most sophisticated docking 
algorithms based on using empirical scoring function which will be discussed further in section 
1.3.7.9. 
 
1.3.7.6 Knowledge-based scoring function 
 
One of the earliest knowledge-based scoring functions is SMoG, Small Molecule Growth, 
which is at that time a novel method for de novo lead design.[167, 168] There are several other 
methods developed after SMoG which are also based on this knowledge-based principle. Few 
of the earlier examples are PMF (Potentials of Mean Force) [169-171], BLEEP (biomolecular 
ligand energy evaluation protocol) [172] and DrugScore [173-175]. The main concept here is 
to use the sum of experimentally derived protein-ligand pairwise statistical potentials.[133, 
138] These data are normally generated from a large set of target-ligand complexes. In general, 
all of these methods are formulated by using the Boltzmann distribution based on the 
occurrence frequency of the pairwise contacts. It has been suggested that the higher the 
occurrence frequency of the pairwise contacts, the more favourable and likely the contacts will 
contribute to the protein-ligand interactions. 
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1.3.7.7 Consensus-based scoring function 
 
As prompted by its name, consensus-based scoring function involves using a variety of 
different scoring functions at the same time in order to maximise the advantages of each scoring 
function while attempting to minimise the likely errors from each.[176] The level of accuracy 
in predicting protein-ligand interaction is also anticipated to be increased by using this 
combinational approach. The use of consensus scoring was initially seen in quantitative 
structure-activity relationship (QSAR) and molecular similarity studies.[177-179] Soon after, 
the consensus-based approach was adopted in various other virtual screening projects.[180-
182] X-CSCORE[164] as mentioned earlier in section 1.3.7.5 is also an example of a 
consensus-based scoring function where it combines three different empirical-based scoring 
functions such as Böhm’s scoring function [157], SCORE [183] and ChemScore [184] to 
improve docking accuracy. Another example is MultiScore [185] which has been constructed 
from eight different scoring functions and found to improve protein-ligand binding affinities 
and conformations. 
 
1.3.7.8 Protein-ligand docking algorithms 
 
In light of the aim to look for best protein-ligand poses with the right conformational state and 
relative orientation and also to be able to roughly estimate the binding affinities of target-ligand 
poses, a feasible docking algorithm is crucial for this to occur. Scoring functions, as discussed 
previously, will be one of the major components for a docking algorithm to work seamlessly. 
Scoring functions combined with searching algorithms enable the formulation of viable 
docking algorithms to search for all possible conformational space for appropriate docking 
poses.[133, 138] The commonly used term of “docking” may, to a certain extent, imply the 
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whole process of applying this docking algorithm to predict the binding affinities of the ligand 
to protein target by ranking each pose with a score. 
 
1.3.7.9 Grid-based ligand docking with energetics (Glide) 
 
Favourable interactions between a ligand and protein receptor are searched by using 
Glide.[186] A hierarchical filter is used to evaluate the interactions between selected ligands 
and protein receptors.[165, 166, 187]  The spatial fit of the ligand to the defined active binding 
site will be assessed, followed by ligand-receptor interactions by using a grid-based method 
generated from an empirical ChemScore function.[184] Ligand poses that pass the initial 
screening will enter into the final stage of the hierarchy. 
 
The first stage of the filter is the Site-Point Search which involves looking for all possible 
ligand locations in the active binding site.[186] Each ligand molecule is divided into a core 
region with rotamer groups attached. This means around 500 conformations can be generated 
based on the number of rotatable bonds, the presence of 5- and 6- membered rings, long-range 
internal hydrogen bonds and asymmetric pyramidal trigonal nitrogen centres in the core. 
During the docking process, every possible location and orientation will be searched over the 
entire active binding site of the target protein for the generated ligand conformations. The 
ligand binding site will be marked by two enclosing boxes which are also known as “grid” 
during the Site-Point Search.[186] A 2Å grid shown by a purple-coloured box in figure 4 
represented the volume in which the grid potentials are computed and where all the ligand 
atoms are located. The purple box is formed based on the distances from the site point to the 
receptor surface. These distances are evaluated by the Glide algorithm at a series of pre-defined 
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directions and then sorted into different distance ranges covering the active site region. A 
second 1Å grid, represented by the green-coloured box in figure 4, is then assigned based on 
the distances from ligand centre, which is equivalent to the midpoint of the two most separated 
atoms, to the ligand surface. The green box represents the volume that the ligand centre has 
explored during the Site-Point Search. So the whole Site-Point Search process will begin from 
comparing the distance ranges from the site point to the receptor and the distance from the 
ligand centre to its surface (purple grid versus green grid in figure 4).  
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Figure 4. SPCA protein model with grids 
 
After the completion of Site-Point Search, a Diameter Test then follows which involves 
examining the atom placements within a specified distance of a line between the most separated 
atoms.[186] The specified distance is also known as the ligand diameter. The ligand-receptor 
orientation will be skipped if there are any steric clashes within the diameter. Ligand rotation 
around the ligand diameter will also be tested. In order to rank these receptor-ligand poses, a 
Greedy Scoring system is set up to evaluate all the relevant parameters based on the ChemScore 
empirical scoring function created by Schrödinger.[184] Each subset of ligands or atoms that 
is capable of forming hydrogen bonds or ligand-metal interactions with the receptor will be 
scored via this scoring system. Any favourable hydrophobic interactions and unfavourable 
steric clashes plus allowance of atoms to move ±1Å in x, y or z directions to compensate for 
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large 2Å jump in the site point or ligand centre position will be taken into account by this 
Greedy Scoring system. The top Greedy Scores will then be re-scored via a refinement 
procedure where the ligands will be allowed to move rigidly by ±1Å in the Cartesian directions. 
 
On average, only about 100 to 400 ligand-receptor poses are seen in the final Grid Minimisation 
stage. This stage involves energy minimisation on a set of van der Waals electrostatic grids 
which reduces the high energy and gradient terms caused by the close inter-atomic interactions. 
This then leads onto the final re-scoring of all the energy-minimised poses by using Glide (G) 
score scoring function generated by Schrödinger.[166] The ChemScore-based G score term as 
a whole includes steric-clash terms, other rewards terms (Equation 4.2) and penalties 
(Equation 4.3) such as buried polar terms, amide twice penalties, hydrophobic enclosure terms 
and excluded volume penalties plus other modifications to other terms as shown in the extra 
precision (XP) G score algorithm developed by Schrödinger (Equation 4.1).[166] The 
standard unit of G score is measured in kilocalories per mole (kcal/mol). 
 
XP G score = Ecoul + EvdW + Ebinding + Epenalty (Equation 4.1) 
Where: 
Ecoul = Coulomb energy terms 
EvdW = van der Waals interactions 
 
Ebinding = Ehyd_enclosure + Ehb_nn_motif  + Ehb_cc_motif  + EPI + Ehb_pair + Ephobic_pair (Equation 4.2) 
Where: 
Ehyd_enclosure = Hydrophobic enclosure terms 
Ehb_nn_motif = Neutral-neutral hydrogen-bond motifs 
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Ehb_cc_motif  = Charged-charged hydrogen-bond motifs 
EPI = Pi-stacking and pi-cation interactions 
Ehb_pair = ChemScore-like hydrogen bonding terms 
Ephobic_pair = ChemScore-like lipophilic pair terms 
 
Epenalty = Edesolv + Eligand_strain (Equation 4.3) 
Where: 
Edesolv = Desolvation penalties 
Eligand_strain = Ligand strain energy penalties 
 
Besides using G score as the rank-scoring function, docking scores are also another useful pose 
ranking scoring term for the protein-ligand interactions. Docking scores are very similar to G 
scores but more comprehensive as the protonation or tautomeric state of a ligand is also 
included.[166, 188, 189] Ligands with unfavourable but energetically accessible protonation 
and/or tautomeric states are assigned with penalties.[189, 190] These penalties are usually 
termed Epik state penalty which is calculated by Epik, a computer program that is able to 
predict pKa and generate all the possible ionisation or protonation states of a ligand.[188]  
Including the Epik state penalty into the docking score will ensure the most probable protonated 
state of a ligand is integrated into the final rank scoring process. The importance of adding this 
penalty is observed in many small drug-like molecules in an aqueous environment where they 
can exchange protons resulting in various ionisation and tautomeric states.[188] This affects in 
vivo drug solubility and membrane permeability and also in silico ligand conformations, 
binding modes and affinities, which all play a crucial part in drug development.  
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1.3.8 De novo ligand design 
 
De novo ligand design uses either ligand-growing or ligand linking approach to form new small 
drug-like molecules.[133] Ligand-growing approach begins with a docked fragment in the 
binding site where the ligand gets extended by having functional groups added to the fragment. 
This has also been described as an ‘inside-out’ method by Lewis and Leach.[191] The other 
type of de novo ligand design method is the ‘outside-in’ approach which is also known as the 
ligand-linking method. Here, the fragments are positioned into an empty binding site where 
they get linked by molecular skeletons to build new molecules. One of the early examples of 
computer programmes using ligand-linking method is LUDI which has been used to dock 
fragments in protein binding sites.[192] This linking approach also has a similar concept as the 
structure-activity relationship (SAR)-by-nuclear magnetic resonance spectroscopy (NMR) 
technique by Shuker et al., which is used to determine where the fragments will bind to the 
protein.[193] Biochemical and Organic Model Builder (BOMB), as an example programme 
based on the ligand-growing approach, has also been used to add substituents to a core structure 
in the development of an active anti-HIV agent.[194, 195] An example of a programme using 
either ligand linking or growing approach depending on user’s preference is LigBuilder.[196] 
Its newer version, LigBuilder 2, has added the analysis to predict the synthesisability of the 
built ligand molecule.[197] 
 
 
1.3.9 Ligand-based drug design (LBDD) 
 
LBDD is the other type of CADD method commonly used in drug discovery projects. It is 
normally used in situations when the target protein structure is unknown or if protein structure 
46 
 
prediction for the target is too complex or challenging.[198, 199] Hence there is a shift of the 
focus to use a ligand-based approach rather than a structure-based one. Two main types of 
methods are used within LBDD in that compounds are selected based on their chemical 
similarity to known biologically active compounds by using similarity measure and by using 
quantitative structure activity relationship (QSAR) model which will assist in predicting the 
biological activity from the chemical structure of the compounds.[133] 
 
1.3.9.1 Molecular fingerprints and similarity searches 
 
Since LBDD focusses on chemical structures of the known active ligands, molecular 
descriptors are used to describe both the structural and physicochemical features of a 
compound.[133] To name a few of these molecular descriptors, examples include molecular 
weight, geometry, atom types, bond distances, electronegativities and so on. Various methods 
are used to produce these descriptors such as knowledge-based, molecular mechanical, graph-
theoretical or quantum-mechanical methods.[133, 200] A rapid structural comparison is 
required in two dimensional (2D) similarity searches by using molecular fingerprints. 
Molecular fingerprints, essentially, are bit string representations of different molecular 
properties and structures.[201] Therefore each molecular fingerprint represents each molecule 
entity so rapid searches can occur. Similarity searches tend to use less computational expense 
than pharmacophore screening and QSAR models. This method relies purely on chemical 
structures without using any information relating to the biological effects produced by the 
chemical structures.[201] To calculate the 2D similarity between two compounds, similarity 
metrics such as Tanimoto coefficient (TC) are commonly used to quantify the fingerprint 
overlap.[201] TC, sometimes also being referred to as Jaccard coefficient, is defined for binary 
vectors A and B as [202]: 
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TC (A, B) = NAB / (NA + NB – NAB) 
Where: 
NA = Number of bits set to 1 in fingerprint A 
NB = Number of bits set to 1 in fingerprint B 
NAB = Number of common bits 
 
 
TC is the preferred metric term used in fragment-based chemical similarity since the calculation 
is more straightforward which means shorter time to obtain results. Since TC is a binary term, 
a value of zero will denote entirely distinct fingerprints and a value of one will indicate identical 
ones.[201] However, identical fingerprints do not necessarily mean the molecular structures 
are absolutely identical but rather only similar as this is heavily influenced by how the 
descriptors are coded in a fingerprint. An example of this can be seen in a series of closely-
related analogues.  
 
1.3.9.2 Pharmacophore screening 
 
Pharmacophore mapping emerges as one of the important CADD method that can be used in 
both structure-based and ligand-based fashion. Chapters two and three will mention briefly the 
use of pharmacophore as one of the many available techniques in CADD. The definition of 
pharmacophore has often been confusing at times where some medicinal chemists refer to it as 
functional groups of a chemical structure. The International Union of Pure and Applied 
Chemistry (IUPAC) have provided a more precise definition of it which states: ‘A 
pharmacophore is the ensemble of steric and electronic features that is necessary to ensure the 
optimal supramolecular interactions with a specific biological target structure and to trigger (or 
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to block) its biological response’.[203] It is certainly not referring to functional groups but 
rather describes common molecular features present from a group of molecules that contribute 
to the biological effects elicited in a pharmacological target such as protein receptors.[204] The 
quality of a pharmacophore is a key factor that will influence the direction of a drug discovery 
project. Wolber et al.[205] have further elaborated on the different types of chemical features 
present in a pharmacophore by using a systematic model to differentiate each feature by its 
universality and specificity. An example of highly universal chemical feature will be a 
hydrogen-bond acceptor without specifying a projected point or lipophilic group. A highly 
specific feature, for example, will be specifying a geometric distance of an atom or bond to a 
functional group. 
 
1.3.9.3 Quantitative Structure-Activity Relationship (QSAR) 
 
Although the projects as detailed in chapters two and three are still at their infancy and no 
QSAR models are generated at this stage, QSAR remains as one of the most important CADD 
methods to correlate chemical structures with biological activities by using statistical 
approaches.[206] A classical type of QSAR, 2D QSAR, was established in 1964 from Free 
Wilson method and Hansch analysis to devise methods for correlating biological activity with 
chemical structure.[207, 208] Hansch analysis, or sometimes also called the 
extrathermodynamic approach, is based on using partition coefficients of the parent compound 
and its derivatives in statistical regression analyses.[208] Free Wilson method is based on 
mathematical models by using compound doses achieving biological effect in relations to the 
specific side chain arrangements of each analogue.[207] Most of the early studies in QSAR 
uses multiple linear regression as the choice of correlation method and focusses on building a 
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correlation between biological activity of compounds and experimentally-derived 
physicochemical properties such as pKa and log P.[206] 
3D QSAR then gradually emerged as more X-ray protein structures became available.[209] It 
is regarded as the natural extension of the early Hansch and Free Wilson methods on QSAR. 
The major difference from the 2D QSAR is the consideration of 3D or spatially localised 
chemical features of a series of compounds with known biological activity.[206] A well-known 
and studied example of a lattice-based 3D QSAR is Comparative Molecular Field Analysis 
(CoMFA).[210] CoMFA is useful to depict the ligand-receptor interactions since the active 
ligand conformation and its relevant properties such as steric and electrostatic fields are 
sampled and used within the analysis. 
 
1.4 General outlines of the projects 
1.4.1 Calcium ATPases as therapeutic targets in CADD 
 
Chapter two describes the process of identifying possible potential hits to P-type calcium 
ATPases based on a SBDD method. Molecular modelling of three P-type calcium ATPases has 
taken place initially. This is accompanied by virtual compound library screening based on using 
these calcium ATPases as target proteins, with a particular focus on sarcoplasmic-endoplasmic 
reticulum calcium ATPase (SERCA). Various CADD strategies have been trialled and used to 
enable the final selection of a series of different compounds for chemical synthesis. This is then 
followed by preliminary in vitro biological testing to validate the CADD results for the tested 
compounds. 
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1.4.2 Filamenting temperature-sensitive mutant Z (FtsZ) protein as therapeutic target 
in CADD 
 
Chapter three, on the other hand, focusses mainly on LBDD method but also partly on SBDD. 
A series of curcumin analogues are previously found to exhibit some antibacterial effect in 
Gram positive (+ve) bacteria such as Bacillus Subtilis. The project then builds further from this 
foundation to examine the possibility of improving the antibacterial effects by synthesising a 
series of hydrogenated version of the curcumin analogues. SBDD method such as virtual 
compound screening is also used to search for other novel potential hits on FtsZ proteins aside 
from the known curcumin analogues. A few LBDD-based techniques are also used such as 
pharmacophore screening to broaden the chance of finding hits. 
 
1.4.3 Final remarks 
 
The ultimate goal from these projects is to understand the intricacy and complexity of drug 
discovery and design process under limited time and resources in an academic setting. The only 
hypothesis at this stage is that CADD will exert some usefulness that will lead to some results 
to contribute to the field of drug discovery. The outcome may reflect the effectiveness and 
drawbacks for each CADD method, which will serve as another great learning platform for 
future improvements.  
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 P-type calcium ATPases as therapeutic targets in structure-
based computer-aided drug design 
 
 
2.1 Introduction 
 
Calcium is an important signalling agent that coordinates a variety of physiological processes 
in the body.[211, 212] These processes can range from triggering fertilisation and 
differentiating to developing cells into specialised types, such as the formation of the cardiac 
septum and valves to mediating cellular activities such as stimulating neuronal signals.[213] 
Calcium signalling is also crucial in cellular functions such as muscle contraction, enzyme 
secretion, transcription, cell division and apoptosis.[214] In order to achieve balanced 
signalling processes in our body, a tight control of calcium homeostasis is required.[215] 
 
Calcium ATPases play a vital role in regulating the effect of calcium levels which are required 
to maintain the homeostasis required for important biological and physiological processes. 
Amongst all the know calcium ATPases, sarcoplasmic-endoplasmic reticulum calcium 
ATPases (SERCA) are the most well-studied.[216] SERCA is embedded in the membrane of 
sarcoplasmic reticulum (SR)/ endoplasmic reticulum (ER). There are three domains in the 
cytoplasmic part of SERCA and ten transmembrane α-helices named M1 to M10.[217, 218] 
SERCA is coded by three genes - ATP2A1, ATP2A2 and ATP2A3.[211] There is alternative 
splicing of the SERCA gene, and the three main SERCA isoforms that are present in the body 
are SERCA1a and 1b, SERCA2a, 2b and 2c and SERCA3a, 3b, 3c, 3d, 3e and 3f. SERCA 
isoform expression profiles varies between different types of tissues; SERCA1 is mainly found 
in fast-twitch skeletal muscle, whereas SERCA2a is located mostly in the brain, cardiac, slow-
twitch and smooth muscle cells.[211, 219] SERCA2b is expressed in all tissue types and 2c is 
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found in epithelial, mesenchymal and haematopoietic cells. SERCA3a, 3b, 3c and 3e are found 
in most tissues and some have been reported to be present in haematopoietic cells and cells of 
the salivary gland, trachea, lung, pancreas, kidney and colon. 
 
There are two other calcium ATPases that belong to the same P-type ATPases family. These 
calcium pumps are the plasma membrane calcium ATPase (PMCA) and the secretory pathways 
calcium ATPase (SPCA). Protein crystal structures for both calcium ATPases have not been 
fully solved to date but some partially solved structures are deposited in RCSB Protein Data 
Bank (PDB). Nevertheless, it is suggested that both PMCA and SPCA share structural 
homology to SERCA, which has multiple X-ray crystal structures in different conformational 
states deposited in PDB.[211] Homology models have been built for both PMCA and SPCA 
for in silico studies of protein-ligand interactions.[220, 221] One example is the homology 
model for Plasmodium equivalent-SERCA, known as PfATP6, which was built to characterise 
the interaction of well-known inhibitor cyclopiazonic acid (CPA), and also its mammalian 
counterpart, SERCA, in order to aid the process of finding potential anti-malarials.[222] 
 
In this study, SERCA was used as the protein target to search for novel inhibitors. Extensive 
homology modelling and compound library screens were undertaken. A series of compounds 
were selected, synthesised or purchased and tested for their effect on SERCA by using a 
fluorescence-based calcium signalling assay. Preliminary results show that curcumin analogues 
exerted some SERCA inhibitor-like behaviour when compared to the characterised SERCA 
inhibitor, cyclopiazonic acid (CPA). 
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2.2 Materials and methods 
2.2.1 Computational studies 
2.2.1.1 Molecular modelling and docking 
 
All software used in the molecular modelling and docking process were run using the Maestro 
v.9.3 software suite (Schrödinger, LLC, New York, USA) unless otherwise stated.[223] 
Briefly, the modelling process involved homology model generation and validation, protein 
preparation, receptor grid generation, ligand preparation, and virtual screening/molecular 
docking. 
 
2.2.1.2 Homology model generation 
 
Protein sequence for the SERCA1 model from humans was identified from National Centre for 
Biotechnology Information (NCBI) Protein database and respective FASTA sequence was 
used as the protein sequence template for the SERCA models. Homologue templates were 
identified using the BLAST Homology Search under the Structure Prediction Wizard in 
Maestro [223]. The homologue templates with PDB IDs 3FGO and 3N5K were sourced from 
Oryctolagus cuniculus with 30% sequence identities and resolutions of at least 3.0Å or less. 
Two SERCA homology models, SERCA-3FGO-CPA and SERCA-3N5K-TG were built based 
on PDB IDs 3FGO and 3N5K respectively. SERCA-3FGO-CPA incorporating PDB ID 3FGO 
had CPA co-crystallised in its structure. SERCA-3N5K-TG incorporating PDB ID 3N5K was 
co-crystallised with thapsigargin (TG), another well-known SERCA inhibitor. Both homology 
models were used to target both CPA and TG binding sites for screening compounds. 
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An additional SERCA1 homology model, named SERCA1a-3B9B-3FGO, was built using the 
human protein sequence of SERCA1a from NCBI protein database and crystal structures of 
SERCA proteins with PDB IDs 3B9B (identified top template) and 3FGO. The protein 
sequence of the SERCA protein crystal structure (PDB ID: 3FGO) was also checked on 
PHYRE2 [224], which also identified the other SERCA protein crystal structure (PDB ID: 
3B9B) as the best template for model building (100% confidence and identities). SERCA 
protein crystal with PDB ID 3B9B was also identified as the top template for model building 
for both PMCA1 (SERCA1-4XOU-PMCA1b) and SPCA1d (SERCA1-4YCM-SPCA1d) 
human protein sequences that were used for result comparison in the molecular docking study. 
 
Figure 1.  
1A: Superposition of all SERCA homology models 
1B: PMCA1b homology model in superposed orientation to other SERCA models 
1C: SPCA1d homology model in superposed orientation to other SERCA models 
 
 
1A 
 
1B 
 
1C 
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Homology modelling for all six SERCA models (Figure 1A) was completed via Prime[148], 
except for PMCA1 and SPCA1d models which were built using SWISS-MODEL[225-229] 
(Figures 1B and 1C) instead due to poor model quality produced by using Prime as both of 
these models failed to pass the Verify_3D [55] check. The homologue templates for both 
PMCA1 and SPCA1d models were identified from PHYRE2[224] because SERCA template 
with PDB ID 3B9B with higher than 30% sequence with 100% confidence was found for both 
calcium ATPases.  
 
2.2.1.3 Homology model validation 
 
Each homology model was validated by using Structure Analysis and Verification Server 
(SAVES).[52] The SAVES meta-server consisted of several different procedures for checking 
and validating protein structures. Overall the stereochemical quality was checked with 
PROCHECK.[61, 230] Ramachandran plots, incorporated within PROCHECK, were closely 
examined for each corresponding model where residue statistics are provided in the 
supplementary information (SI). Analysis of non-bonded interactions between different atom 
types was checked by ERRAT.[56] The compatibility of the 3D protein model with its own 
amino acid sequence was also checked against known good models in VERIFY_3D.[53, 54] 
Volumes of atoms in the protein macromolecules were also calculated algorithmically from 
PROVE against models from highly resolved and refined PDB structures.[57] Standard default 
settings were used for all of above SAVES programmes in the model validation process. 
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2.2.1.4 Protein preparation and receptor grid generation 
 
All homology models for SERCA, PMCA and SPCA were validated prior to protein 
preparation phase which was completed by using Protein Preparation Wizard.[231] Each 
individual protein model was corrected by assigning bond orders, adding hydrogen atoms, 
creating zero-order bonds to metals and generating disulfide bonds. Heteroatomic ionisation 
states were generated by using Epik [188, 190] at pH 7.0 ± 2.0. Missing side chains and loops 
were also added and water molecules were deleted if beyond 5 Å from the heteroatoms and if 
there were less than 3 hydrogen bonds to non-waters. Hydrogen bond networks were also 
optimized by using PROPKA at pH 7.0. Protein models were further minimised by converging 
heavy atoms to root mean square deviation (RMSD) of 0.3 Å by using OPLS_2005 force 
field.[231] 
 
SiteMap[80, 81] was used to identify druggable sites on all homology models except for 
SERCA1-3N5K-TG, SERCA1-3FGO-CPA and SERCA1a-3B9B-3FGO where the ligand 
binding sites were set exactly on either TG or CPA binding site as found from the original 
protein crystal structures. Standard default settings were used in SiteMap to identify top-ranked 
potential receptor binding sites. The settings were set to require at least 15 site points per 
reported site with a maximum of up to 5 sites to be reported by using a standard grid. A more 
restrictive hydrophobicity definition for the site was used in the site search. Site maps were 
cropped at 4Å from the nearest site point. 
 
Ligand binding sites were set up via Receptor Grid Generation[148] where each site was 
represented by a grid or enclosing box. For protein models that used SiteMap to locate potential 
57 
 
ligand binding sites, the grid was set up based on the site points in the hydrophobic region as 
shown in each reported site. For the three other protein models that used the co-crystallised 
ligand binding sites as mentioned above, the grid was set up by using the ligand structure as 
the centre of the 20 Å enclosing box. A van der Waals radius scaling factor of 1.0 was applied 
to the radii of the protein atoms with partial atomic charges of less than 0.25. Rotations of 
hydroxyl and thiol groups within the protein structure were not allowed. 
 
 
2.2.1.5 Ligand preparation and molecular docking 
 
LigPrep [232, 233] was used to prepare all compounds prior to ligand docking. Compounds 
were sourced and downloaded as SDF files at pH 7.0 from SPECS compound library (total of 
425,887 compounds where 15,332 ligands are natural products) from ZINC compound 
database [234, 235] (http://zinc.docking.org/). All possible stereoisomers, up to a maximum of 
32 per ligand, were generated for each compound. All possible tautomers and ionisation states 
at target pH of 7.0 ± 2.0 for each ligand were also generated before going through the three-
stage hierarchical docking process. The docking process was completed using Glide [186, 236] 
which was started with high throughput virtual screening (HTVS), then standard precision (SP) 
and finally extra precision (XP) modes to screen the SPECS compound libraries. The precision 
of the ligand docking increases when starting from HTVS to SP and then XP at the specified 
binding site. Selected ligands after the SP docking mode were further prepared via ConfGen to 
generate further alternative low energy conformations prior to XP docking. No more than 50 
conformers were generated for each ligand by using the OPLS_2005 force field. 
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2.2.2 Chemistry 
 
All molecules and curcumin analogues were synthesised by using a CEM Discover SP 
microwave reactor or unless otherwise stated. The commercially-sourced compounds were 5 
and 6 which were purchased from SPECS (Zoetermeer, Netherlands). 1H and 13C NMR spectra 
were recorded at 400 and 100 MHz respectively on a Varian 400-MR magnetic resonance 
spectrometer with chemical shifts (δ) reported in parts per million (ppm). All spectra were 
acquired in deuterated solvents and the residual solvent peaks were used as internal references; 
7.26 ppm (CDCl3), 2.50 ppm (DMSO-d6) and 3.31 ppm (methanol-d4). Low resolution 
electrospray ionisation (ESI) mass spectrometry was performed on a TSQ Quantum Access 
Max LCMS/MS (Thomas R Watson Mass Spectrometry Laboratory, Sydney Pharmacy 
School, University of Sydney). High resolution mass spectrometry was performed on a Bruker 
7T Fourier transform ion cyclotron resonance mass spectrometer (Mass Spectrometry Unit, 
School of Chemistry, University of Sydney). All starting materials and reagents were 
commercially available and purchased from Sigma Aldrich (Castle Hill, Sydney, Australia). 
Solvents were purchased from Chem-Supply (Australia) and were used as received. Flash 
column chromatography was performed using Reveleris (40-63 µm) Davisil chromatographic 
silica media. Thin layer chromatography (TLC) was performed using Merck KgaA TLC plates 
(UV254). 
 
2.2.2.1 Synthesis 
 
Synthetic schemes for selected compounds are provided below (Schemes 1 – 3). Preparations 
of tested compounds along with 1H and 13C NMR spectra, high resolution mass spectral data, 
IR and LCMS data are provided in the SI in section 5.3 in chapter five and also the appendix. 
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7 R2 = R3 = R5 = R6 = H, R7 = R8 = (CH2)3 
8 R2 = R3 = R5 = R6 = H, R7 = R8 = (CH2)2 
9 R2 = R3 = R5 = R6 = H 
14 R5 = R6 = H, R2 = R3 = (-HC=CH-)2 
 
Scheme 1. General synthetic scheme for curcumin analogues 
 
 
 
 
12 R = NH2, R7 = N, R8 = NH 
13 R = OH, R7 = N, R8 = O 
 
Scheme 2. General synthetic scheme for cyclising diketone group for curcumin analogues 
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10 R7 = R8 = (CH2)3 
11 R7 = R8 = (CH2)2 
 
Scheme 3. General synthetic scheme for tetrahydrocurcumin analogues 
 
 
2.2.3 Fluorescence-based calcium assay 
 
MDA-MB-231 breast cancer cells were seeded at a density of 1 × 104 cells per well in 96-well 
CellBIND plates (Corning Costar, MA, USA). Calcium (Ca2+) assays were performed three 
days post cell seeding by using the no-wash PBX Calcium Assay Kit (640175, BD Biosciences, 
Franklin Lakes, NJ, USA) in Fluorescence Imaging Plate Reader (FLIPRTETRA, Molecular 
Devices, Sunnyvale, CA, USA). The cells were loaded with 2 µM PBX Calcium Assay Kit dye 
in a solution containing 5% v/v PBX Signal Enhancer and 500 μM probenecid in physiological 
salt solution which comprised of poly(styrenesulfonic) acid (PSS), 5.9 mM potassium chloride 
(KCl), 1.4 mM magnesium chloride (MgCl2), 10 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), 1.2 mM monosodium phosphate (NaH2PO4), 5 mM 
sodium bicarbonate (NaHCO3), 140 mM sodium chloride (NaCl), 11.5 mM glucose at pH 7.3 
with 1.8 mM Ca2+.  
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Plates were loaded with the dye for 60 minutes at 37°C, followed by 15 minutes at room 
temperature. Dye solution was replaced with a solution containing 5% v/v PBX signal enhancer 
and 500 μM probenecid in PSS. Plates were placed inside the FLIPR, where the following 
solutions in PSS were added in sequential order with the aid of a robotic arm: 500 μM BAPTA 
(Invitrogen, Carlsbad, CA, USA) to chelate extracellular Ca2+; cyclopiazonic acid (CPA; 
Sigma-Aldrich, St Louis, MO) or tested compounds at indicated concentrations to inhibit 
SERCA pump and deplete ER Ca2+; 0.6 mM calcium chloride (CaCl2) at 700 seconds post CPA 
addition for assessment of store-operated Ca2+ influx. Fluorescence was measured at 470 to 
495 nm excitation and 515 to 575 nm emission wavelengths. ScreenWorks Software (v2.0.0.27, 
Molecular Devices) was used for data analysis. Fluorescence response over baseline was 
considered as a relative measurement of cytosolic Ca2+ levels. 
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Figure 2. Chemical structures of tested compounds 
 
2.3 Results and discussion 
2.3.1 Homology model validation 
 
SERCA1a model was examined by using the SAVES meta-server and was found to have 
84.21% of the residues to score at least 0.2 in the 3D to 1D profile in the Verify_3D check, 
which passed the initial quality requirement of over 80% scoring to show an early positive sign 
in terms of model quality.[53-55] The overall ERRAT quality factor was 91.624 which had 
fitted into the experimentally observed value of 91% for structures with lower resolutions (2.5 
to 3 Å) relating to the patterns of non-bonded atomic interactions.[56] PROVE identified 137 
(3.7%) buried outlier protein atoms out of all the scored atom by assessing the atomic volumes 
for all residues in this model.[57] This was less than the experimentally determined 5% 
threshold as observed in the highly resolved and refined protein crystal structures (resolution 
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of 2.0 Å or less and R-factor of 0.2 or better), which indicated that this model passed the 
standard atomic volume test. 
 
Upon further investigation into the stereochemical quality of this model, a total of 762 (86.6%) 
amino acid residues were found to dwell in the most energetically favourable region. In the 
additional allowed regions, there were a total of 106 residues (12.0%). This was followed by 8 
residues (0.9%) in the generously allowed region and 4 residues (0.5%) in the actual disallowed 
region which included LYS47, THR171, ARG505 and TYR867. From the analysis of 118 
structures of resolution of at least 2.0 Å and R-factor of no greater than 20%, a good quality 
protein model was considered to have over 90% of the residues in the most favoured 
regions.[61, 237] In this particular model of SERCA1a, the percentage of residues was just 
under 90% in the main favourable core region despite the previous reasonable outcomes in the 
Verify_3D and ERRAT checks.  
 
Torsional angle discrepancies larger than 4.5 standard uncertainties for this SERCA1a model 
were listed in Table 1 (SI). THR778 was noted to have a helix psi (ψ) deviation and ALA779 
was found to have phi (φ) helix uncertainty. Interestingly, these two amino acid residues were 
adjacent to each other and it was not surprising to observe the helix ψ and φ deviations 
occurring since both torsional angles stemmed from the C-alpha (α) atom. As a general 
consensus, both bond angles and dihedral angles must be examined concurrently in order to 
accurately analyse the model quality.[238] Upon examining the bond angles for each of these 
residues, specifically C-beta (β)-Cα-C and N-Cα-Cβ, there were no significant uncertainties 
noted. The same situation was found for ALA68 and GLN108. The only exceptions were found 
in THR181 and GLY555. For THR181, there was a deviation in the N-Cα-C bond angle which 
might have contributed to the deviation seen in the φ helix. For GLY555, there were deviations 
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in all four bond angles (C-N-Cα, Cα-C-N, Cα-C-O and N-Cα-C) that evolved around the omega 
(ω) torsional angle. Examination of Morris et al. classification was formulated for this purpose 
as an useful stereochemical quality index to assess the quality of each protein model.[58]  In 
this particular model, its φ-ψ distribution was in class 1 as seen in Table 2 (SI) which was 
deemed acceptable for a reasonable quality model. 
 
It is difficult to pinpoint exactly the cause of all of these discrepancies found in the 
Ramachandran plot and also for the dihedral and bond angles. One likely reason for these 
discrepancies would be that both crystal structures used for SERCA1a model were not of high 
enough resolution, and hence minor disparities would be present in the structure. In the 
perspective of examining the R-factors for each of these protein crystal structures, the R-factor 
for 3FGO was 0.176 and its R-free factor was 0.217. For 3B9B, the R-factor was 0.216 and its 
R-free factor was 0.271. Arguably these two crystal structures are of a reasonable quality that 
would justify their use in the homology model building process.[58] For other SERCA 
homology models in different isoforms, PMCA1b and also SPCA1d homology models, the 
validation parameters and details can be found in the SI. 
 
2.3.2 Ligand-receptor docking and calcium assay correlations 
 
A series of strategies were used to choose desirable compounds for testing. Since the aim was 
to look for likely compound candidates to become hits for SERCA, compound library screening 
became the core task during the modelling process. The result of this would hopefully help to 
drive further potential ideas for probable hits for other P-type ATPases such as SPCA1d or 
PMCA for relevant therapeutic purposes such as cancers and neurodegenerative diseases.[239, 
240] After the completion of the three-stage virtual screening in SPECS compounds (126,791) 
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and natural products (1,629) libraries (128,420 compounds in total), pharmacophore screening 
was adopted to look for further hits. Common pharmacophore hypotheses were developed to 
set up pharmacophores in CPA and TG. Two pharmacophore hypotheses were created with 
one for TG and the other for CPA prior to screening SPECS compound libraries (Figures 3 
and 4). Two main groups of SPECS compounds were identified with one group that had similar 
pharmacophore as CPA and the other with similar pharmacophore as TG. Both groups of 
compounds were then filtered through pan-assay interfering compounds (PAINs)[241] 
programme, FAF-Drugs3[242], to further eliminate any potential PAINs within these groups. 
The completion of the processes led to two SPECS natural products, 5 and 6, for further testing. 
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Figure 3. Pharmacophore hypothesis for CPA 
(Hydrogen acceptor region in red, donor region in blue and hydrophobic region in green) 
 
Figure 4. Pharmacophore hypothesis for TG 
(Hydrogen acceptor region in red, donor region in blue and hydrophobic region in green) 
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Two-dimensional (2D) similarity searching was used to look for dissimilarity from the 
compounds tested previously to avoid similar compound hits. Binary and modal fingerprints 
were generated before screening started. The main aim here was to exclude ligands that had 
similar 2D substructures as the previously tested compounds. The previously tested ligands 
were included in the 2D similarity exclusion criteria for screening compounds by having a 
different hashed MOLPRINT2D [243, 244] fingerprint. FAF-Drugs3 filter was also applied 
before the final selection. Tanimoto similarity [202] was used as the similarity or distance 
matrix for all fingerprint types used. In the end, six compounds were identified as potential 
candidate compounds from the SPECS compound library that had the least similarity to 
previously tested compounds with CPA and/or TG pharmacophores (Figures 3 and 4).  
 
Since dissimilarity from previously tested compounds was utilised as one of the approaches to 
search for compound candidates for testing, similarity between the SPECS compounds and 
CPA and TG was also done to maximise the chance of finding hits. The Tanimoto coefficient 
was used as the similarity parameter to compare the 2D similarity.[202] The same approach 
was also used to look for any similarity between the six identified compounds from the previous 
search and CPA and TG. The same FAF-Drugs3 filter was also applied to the SPECS 
compounds before the end result was obtained. MOLPRINT2D [243, 244] fingerprint typing 
was used for the 2D comparison. Any 2D similarity between CPA and TG themselves was also 
explored but no 2D similarity was seen, showing obvious distinction between the two SERCA 
inhibitors. None of the ligands had a Tanimoto coefficient of more than 0.5 between all three 
main groups which included one between CPA and TG themselves, one between CPA and TG 
and the six identified compounds and also between CPA and TG against all SPECS compounds 
filtered through FAF-Drugs3. This outcome might be due to the limited number of compounds 
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selected based on having XP docking score or -7.0 kcal/mol or below before the comparisons 
were made. 
 
Therefore, shape screening was used as the next strategy to find different compounds in order 
to increase the chemical diversity. Top ten SPECS compounds from both similarity and 
dissimilarity searches were docked into both CPA and TG binding sites to look for possible 
candidates. The two homology models used here were SERCA-3FGO-CPA and SERCA-
3N5K-TG. Within the two cohorts of compounds, the ones with XP docking scores of less than 
-6.498 kcal/mol (identified as CPA docking score after CPA was docked onto its own binding 
site) on the SERCA-3FGO-CPA model were short-listed. Similar process was followed for the 
ones from SERCA-3N5K-TG model except the cut-off docking score was set at -6.215 
kcal/mol, which was the TG docking score when this inhibitor was bound at this particular 
model. Molecular mechanics generalised Born surface area methods (MM-GBSA) [140] was 
used to assess the ligand-receptor binding energies for all short-listed compounds. Seven 
compounds were chosen for testing and eventually one of them, 15, was synthesised and tested. 
 
Compounds Docking scores 
(kcal/mol) 
MMGBSA ∆G 
Binding energy 
(kcal/mol) 
Ligand strain 
energy 
(kcal/mol) 
Receptor 
strain energy 
(kcal/mol) 
CPA -6.112 -25.467 
 
1.777 
 
8.066 
 
D* 
 
-8.102 
 
-54.398 
 
8.664 
 
11.783 
 
B* -7.433 
 
-46.177 
 
4.685 
 
9.808 
 
C* -6.954 -10.970 7.305 15.769 
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A* 
 
-6.691 
 
-8.650 
 
2.092 
 
13.935 
 
E* 
 
-6.061 
 
-48.812 
 
6.337 
 
10.228 
 
20 -7.122 
 
-53.729 
 
6.659 
 
-0.680 
 
Table 3. Docking results and estimated receptor-ligand binding energies for selected 
compounds in series A and B at CPA binding site on SERCA1a-3B9B-3FGO model 
*Structures for compounds A – E can be found in SI 
 
 
The mixture of synthesised and commercially-sourced compounds was tested against SERCA 
in a SERCA-specific fluorescence-based assay. The decision that led to the testing of these 
selected compounds stemmed from molecular modelling and screening of the commercial 
SPECS compound library as explained previously. This then formulated a series of testing 
compounds (Figure 2) 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15. 
 
 
The previously tested compounds were the bisphenol derivatives (B and C), curcumin and one 
of its pyrazole analogues (D and E) and also another compound with a similar phenolic 
structural core, A.[245] Bisphenol derivatives were initially chosen due to an earlier finding of 
bisphenols possessing similar SERCA inhibitor-like activity in human skin fibroblast cells by 
increasing the intracellular Ca2+ concentration.[246] One of the derivatives, C, was synthesised 
to increase the solubility of the bisphenol derivative in order to observe any additional effects. 
Curcumin and its pyrazole analogue were subsequently chosen for testing due to their structural 
similarity to bisphenols.  
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The SERCA assay results for these five compounds could be somewhat mirrored in the 
molecular docking results. In particular, the docking score of D was found to be -8.102 
kcal/mol, which was the highest docking score out of the 5 compounds tested (Table 3). For 
B, it had a docking score of -7.433 kcal/mol and the docking scores of the rest of the three 
compounds ranged from -6.0 to -7.0 kcal/mol. Upon examining the receptor-ligand binding 
energies involved for each of these receptor-ligand complexes, it could be seen that D had the 
lowest amount of binding energy estimated (-54.398 kcal/mol) out of the five compounds. 
However, both the ligand and receptor strain energies for D were higher than that for CPA, 
which might lead to the explanation for its poorer performance in the assay since this indicated 
a less energetically favoured pose for the complex. The same observation was also seen in B, 
C, A and E where all of their ligand and receptor strain energies were higher than CPA which 
would likely explain, in part, the poorer outcome of these four compounds in the SERCA assay 
as well. 
 
Only compound D produced a more noticeable Ca2+ signals out of all the previously tested 
compounds. This then elicited the idea of synthesising more curcumin-based analogues in order 
to observe further variations in the SERCA inhibitory effect seen earlier in the MDA-MB-231 
cells. This then led to the existence of 9 curcumin analogues with 2 commercially-sourced 
compounds in the current series which were also tested in the SERCA assay. 5 and 6 were 
selected from SPECS natural products compound library. These two compounds produced 
similar Ca2+ response after the first drug addition and second Ca2+ addition as seen from the 
most of the previously tested compounds. 7, 8, 9, 12, 13 and 14 were tested in concentrations 
of 3µM, 10µM and 30µM. Compounds 7, 8, 9 and 14 had similar Ca2+ response profiles and 
did not resemble the profile for CPA. Both compounds 12 and 13 did not produce any 
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significant Ca2+ signals from the two drug and Ca2+ additions. However, for compounds 15, 10 
and 11, the concentrations were tested in 30µM, 100µM and 300µM due to poorer solubility 
of the compounds in only 100mM of DMSO. The Ca2+ response for compound 15 was present 
after the first drug addition at 300µM but there was no Ca2+ recovery after the second Ca2+ 
addition. 
 
Both compounds 10 and 11 had no significant Ca2+ responses at 30µM and 100µM. However, 
compound 11 produced the first Ca2+ signal at 300µM after the drug addition phase and also 
exhibited the second Ca2+ recovery after Ca2+ addition. At the same concentration, compound 
10 also had a similar first Ca2+ response but the second Ca2+ recovery did not actually fully 
recover but instead plateaued. Since there were some distinctively different calcium signalling 
profiles produced in the SERCA fluorescence assay for compounds 10, 11, 15, 12 and 13, this 
prompted further molecular docking studies of these five compounds. 
 
Compound 11 produced a docking score of -7.122 kcal/mol for one of its in silico poses at the 
CPA binding site on SERCA1a homology model with an overall estimated binding energy of 
-53.729 kcal/mol. CPA was also docked into the same CPA binding site, which had generated 
a docking score of -6.112 kcal/mol with an overall estimated binding energy of -25.467 
kcal/mol. Both ligand and receptor strain energies for both 11 and CPA were less than 10 
kcal/mol. The similarity in docking scores and the ligand-receptor strain energies for 11 and 
CPA would make the SERCA inhibitory effect of 11 at 300 µM concentration more 
interpretable although the inhibitory concentration did not quite reach nanomolar range. The 
possible reason for this could be due to the ligand itself was under a considerably higher strain 
73 
 
than CPA in the receptor-ligand complex even though the receptor itself actually obtained a 
lower receptor strain energy than for CPA (Table 3). 
 
 
 
 
 
Figure 5. Agonist concentrations of 20 versus Ca2+ response over time 
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Figure 6. Calcium signaling profiles for compounds 10, 15, 11 and CPA 
 
Since 10 produced a different second Ca2+ recovery profile than 11 (Figure 6), it was 
speculated that 10 might resemble the behaviour of a PMCA inhibitor since the assay was 
designed to test against SERCA only. On this note, 10 was docked onto the validated PMCA1b 
homology model, SERCA1-4XOU-PMCA1b, at the SiteMap-generated site 1 which had a site 
score of 1.05 and druggability score (Dscore) of 1.03. The docking score was found to be -
6.338 kcal/mol for one of the in silico poses. The ligand-receptor binding energy was estimated 
at -38.761 kcal/mol. For both the ligand and receptor strain energies, it seemed that the ligand 
used a significantly higher energy (19.610 kcal/mol) for this particular ligand-receptor pose 
than the receptor (0.774 kcal/mol). The authenticity of the SiteMap-found binding site could 
be questionable. The SiteMap-generated site 1 was found via SiteMap to identify potential 
druggable sites on a protein receptor with site score and Dscore assigned to each identified 
site.[79] At this stage, since there were no human-sourced plasma membrane calcium ATPase 
crystal structures deposited in PDB, it would be difficult to locate the exact ligand binding site 
0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0 1 2 0 0 1 4 0 0 1 6 0 0 1 8 0 0
1
2
3
4
T im e  (s )
R
e
la
ti
v
e
 [
C
a
2
+
]
C
Y
T
1 5  -  3 0 µ M
1 1  -  3 0 0 µ M
C P A  -  3 0 µ M
B A P T A
+  C P A /c o m p o u n d  1 0 /1 5 /1 1
C a 2 + (0 .6  m M )
1 0  -  3 0 0 µ M
75 
 
on PMCA proteins. This issue was also further compounded by the fact that there were no 
mutational studies done at this stage for PMCA isoform 1 proteins.[239] Therefore, the ligand 
binding site used for the PMCA1b model could be treated as the in silico theoretical drug 
binding site for potential ligands targeting PMCA1 isoforms until more experimental studies 
are available in the future. 
 
Two of the tested compounds, 12 and 13, showed similar Ca2+ profiles with no prominent Ca2+ 
signals shown at all (SI). For 15, there was also no Ca2+ signals as well except Ca2+ signals 
appeared at 300 µM as the first peak only without any second Ca2+ recovery peak (Figure 6). 
With all the results gathered so far, this implied that these three compounds were more likely 
to be non-SERCA inhibitors resulting in the hypothesis that these three agents may target 
SPCA instead. Further ATPase assays would therefore be essential to confirm the likelihood 
of this hypothesis. In our current speculation and for modelling purposes, 15, 12 and 13 were 
docked onto the SiteMap-found site 2 on the prepared and validated SPCA1d model, SERCA1-
4YCM-SPCA1d, to obtain an overall comparison between these ligands on the proposed 
SPCA1d protein receptor. The SiteMap binding site used here was also selected based on 
achieving a reasonable site score of 1.12 and a Dscore of 1.18. 15 received the highest docking 
score of -7.829 kcal/mol out of the three ligands but also had the highest ligand strain energy 
as well (4.365 kcal/mol). On the other hand, 12, the pyrazole curcumin derivative had the 
lowest overall binding energy and also ligand strain energy out of the three with a docking 
score of -5.670 kcal/mol. Since there was a slight difference seen in the Ca2+ profiles for both 
15 and 12, it would be interesting to investigate and validate the in silico results for these 
compounds in future assays before a precise conclusion could be drawn here. 
 
76 
 
Even though two other groups have identified phenol-related compounds inhibiting both 
SPCA1 and 2, there were no potent SPCA inhibitors that were comparable to TG or CPA, 
highlighting another drug discovery opportunity to explore the chemical space for SPCA 
protein.[247, 248] This was particularly relevant in the drug discovery aspect where SPCA1 
was known to be linked to skin disorders such as Hailey-Hailey disease and more lately in 
basal-like breast cancers.[240, 249, 250] A similar situation would also apply to PMCA where 
more novel therapeutic agents are yet to be discovered.  
 
With the preliminary result shown here, 10 might have created further opportunities to develop 
useful therapeutic agents targeting disease areas related to PMCA since each isoform of PMCA 
was linked to different disease states depending on its tissue distribution. PMCA1 and 4 were 
essentially ubiquitous in nearly all tissue types with PMCA1 known to exist throughout the 
embryo.[251] Homozygous pmca1-/- null mutations were embryo-lethal when mice lacking 
PMCA1 were found to be stillborn.[252] Impairment in sperm motility was identified in 
pmca4-/- null mutations which implied an end result of infertility.[252] Other groups also found 
an increase in systolic blood pressure and coronary artery disease after knocking down the gene 
(ATP2B1) encoding PMCA1 in the smooth muscle cells.[253-258] Previous studies had also 
linked PMCA1 to several different types of cancers. Specifically downregulations of PMCA1 
were observed for SV40 transformed fibroblasts in skin and lung cancers and also in patient 
tissue samples from oral cancer.[259, 260] PMCA isoforms 1 and 2 were also upregulated in 
breast cancer cells such as MCF-7 and MDA-MB-231 but PMCA4, on the other hand, was 
observed to be downregulated instead.[261, 262] Downregulation of PMCA4 has also been 
reported in human colon cancer cells.[263] PMCA2 and 3 were mainly located in the brain, 
striated muscles and mammary glands and found to be associated with diseases in these tissue 
types.[239] Examples included deafness in mice models and humans due to mutations or 
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deletions in PMCA2.[264-266] Mutations in PMCA2 and PMCA3 were also implicated in 
producing cerebellar ataxia.[267-269] A case of PMCA4 mutation leading to familial spastic 
paraplegia was also discovered recently.[270] 
 
SERCA is associated with two well-known and phenotypically different diseases. SERCA 
isoform 1 recessive mutations give rise to  Brody’s disease where patients experience muscle 
stiffness and cramps.[271] SERCA isoform 2 is involved in Darier’s disease, specifically 
SERCA isoforms 2a and 2c are mutated in this disorder leading to seborrheic papules in the 
upper trunk, scalp, palmar pits and other skin flexures.[211, 272] Other types of diseases have 
also been found to be related to SERCA pumps. In particular, due to the tissue-specific 
expressions of the SERCA isoforms, SERCA has also often been associated with cardiac 
failure in several pathophysiological studies.[273-276] Respiratory failure has also been 
reported in SERCA1 null mice.[277] Overexpression of SERCA1 improves the symptoms of 
Duchenne muscular dystrophy in a mouse model.[278] SERCA pumps are also implicated in 
the pathogenesis of colorectal cancers where SERCA3 expression is progressively lost during 
colon tumorigenesis.[279] However, SERCA2 is overexpressed in colorectal cancer cells and 
a piperidone-containing curcumin analogue inhibits SERCA2 causing the anti-proliferation of 
SW480 colorectal cancer cells which led to a possibility of targeting this cancer subtype.[280] 
 
There is much evidence suggesting Ca2+ homeostasis played a pivotal role in the pathogenesis 
and treatment of cancers.[281, 282] However, with current efforts, a SERCA inhibitor that is 
as potent as TG is yet to be found. Recent advancement in cancer therapeutics was highlighted 
by the work contributed towards targeting endoplasmic reticulum stress. This has seen the 
development of a prodrug form of TG that had entered into phase II clinical trial.[283] The TG 
prodrug was created by conjugating TG to peptides producing the specific substrates for either 
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prostate specific antigen or prostate specific membrane antigen and thus increasing the 
selectivity of targeting prostate cancer.[283]  Other possible candidates that were investigated 
so far included curcumin, an extract from Curcuma longa that was widely used for various 
dietary and therapeutic purposes.[284] Curcumin is a relatively potent inhibitor of all SERCA 
isoforms, and this has led to the testing of various curcumin analogues for their effects on 
SERCA pumps.[285-287] The same group which tested the piperidone-containing curcumin 
analogue have previously reported that one of its other curcumin derivatives to possess similar 
inhibitory effect on SERCA2 in human colorectal cancer cells.[288] Other studies have also 
looked at the use of curcumin in targeting SERCA in ovarian cancer and also its synergistic 
effect with artemisinin in inhibiting the activity of Plasmodium parasite by binding to SERCA 
protein.[289, 290] 
 
Since curcumin and some of its analogues showed inhibitory effect in different disease areas 
as mentioned previously, this opens up future opportunities to further investigate the effect of 
these analogues. In our study, the main difference in the chemical structures of the tested 11 
and some of the other curcuminoids and curcumin analogues tested so far was the 
hydrogenation of the alkene bonds to produce 11 as a novel tetrahydrocurcumin derivative. 
The hydrogenation removed the conjugation system in the curcumin scaffold which would 
reduce the formation of a Michael acceptor that was well-known to have the PAIN property in 
curcumin.[291] As referenced in literature, curcumin was known to be a covalent modifier and 
membrane disruptor where it can muddle the response of membrane receptors.[292] Several 
other natural products such as the polyhydroxylated phytochemicals also fall under the same 
category. Therefore, the result of this study should be treated with caution with regards to the 
potential PAIN property seen in curcumin and related curcuminoids, even after our attempt to 
remove the PAIN-reactive Michael acceptor system in 11. 
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2.3.3 Limiting factors of in silico molecular docking and bioassay 
 
One of the greatest caveats in molecular modelling, screening and docking was that all of the 
works were carried out in silico meaning different outcomes might appear in experimental 
biological assays instead. This also highlights the importance of validating the effect of the 
compounds by having them tested in appropriate bioassays. Therefore, in this regard, even 
though all homology models were validated prior to docking, it was important to know that the 
results should be interpreted with the greatest amount of caution by taking all the discrepancies 
in these homology models into consideration. Also due to time constraint, the assay here was 
designed to specifically target SERCA only and not the other two P-type ATPases hence further 
testings such as ATPase assays would be needed to further confirm our hypotheses for 10, 15, 
12 and 13. 
 
In terms of comparative modelling, one very critical aspect which was not mentioned 
previously was all the homology models were set up as rigid structures in the in silico 
simulations. It is of vital importance to remember that in real life, all proteins would in fact not 
exist in a rigid state but rather in a more mobile and dynamic form. To further improve the 
molecular modelling experience and the likely outcome, advanced molecular dynamics (MD) 
and mechanical (MM) studies might also be useful to understand the protein dynamics in order 
to maximise the chance of finding potential hits. However, it was also common to use rigid 
protein models initially to understand how the particular type of protein might perform in the 
molecular docking study with set parameters to gain a solid knowledge foundation of the 
protein target and then progress to the MD and MM studies. This was one of the drawbacks in 
the docking aspect of this project where MD studies might help to further explain why certain 
ligands did not perform as anticipated in the bioassays. 
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2.4 Conclusions 
 
Tetrahydrocurcumin analogue, 11, had shown some SERCA inhibitory effect in breast cancer 
cells. Other tetrahydrocurcumin analogues were also tested but demonstrated different 
behaviours in the SERCA fluorescence assay. This suggested a possibility that these 
tetrahydrocurcumin analogues demonstrated different selectivity towards these Ca2+ ATPases. 
Further studies would be necessary to look into the effect of these analogues in various P-type 
ATPases in order to ascertain and improve its target selectivity and also compound 
bioavailability. Overall, this provided future opportunity to develop novel hits for relevant 
disease areas such as breast cancers in relations to SERCA, PMCA and SPCA.  
 
 
 
 
 
 
 
 
 
 
 
 
81 
 
 Filamenting temperature-sensitive mutant Z as a therapeutic 
target in structure-based and ligand-based computer-aided drug design 
 
 
3.1 Introduction 
3.1.1 Antibacterial drug discovery 
 
An early drug discovery contribution was made by Ehrlich (as mentioned previously in chapter 
one), to find the remedy, Salvarsan, from a mixture of dye agents to target Treponema pallidum, 
a microaerophilic spirochete bacterium responsible for syphilis.[293] The discovery of 
penicillin [294] then occurred in 1929, which was followed by the isolation of streptomycin 
[295] in 1943 for the treatment of tuberculosis. These discoveries established the golden era in 
antibacterial drug history.[296] Natural scaffolds based on metabolites from pathogenic 
microorganisms were used as the source of antibiotic development during this period. This was 
followed by the classical medicinal chemistry era, with production of these natural scaffolds 
using synthetic methods.[296] One of the biggest obstacles soon appeared in antibiotic drug 
discovery, bacterial resistance, which has become extremely problematic. Historical records 
have shown that the ability of microorganisms to mutate and develop resistance to antibacterial 
agents has evolved over at least 30,000 years.[297-300] Bacterial resistance has been further 
compounded by the inappropriate and uncontrolled use of antibiotics, such as in nosocomial 
critical care settings.[301, 302] 
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3.1.2 Filamenting temperature-sensitive mutant Z (FtsZ) 
 
Despite these well-known challenges in antibacterial drug development, and also the long-term 
problem of innovation gap [303] or discovery void [304] between 1962 and 2000, newer 
approaches have attempted to look for novel molecular targets for antibacterial drug discovery. 
In particular, the bacterial cell-division pathway has been closely studied.[305] Numerous 
studies carried out in Escherichia coli and Bacillus subtilis formed a solid foundation of our 
knowledge in bacterial cell-division.[306-308] Bacterial cell division brings together a group 
of conserved proteins to undergo cytokinesis. Filamenting temperature-sensitive mutant Z 
(FtsZ) is one of these proteins which is involved in bacterial cytokinesis. Its existence was 
discovered through mutational studies in temperature-sensitive E. coli in the 1970s.[309, 310] 
Mutated E. coli strains were found with septum formation defects at 42ºC which resulted in 
elongated filaments rather than normal viable short cells. 
 
3.1.3 Bacterial cytokinesis and role of FtsZ 
 
A series of coordinated events facilitated by a group of divisional proteins form the major part 
of bacterial cytokinesis (Figure 1).[311] FtsZ is found to be the key component of this 
cytokinetic process in almost all bacteria.[312] Min system divisional proteins signal for the 
site of cell division at the mid-cell point; nucleoids are then duplicated and begin to segregate 
by moving towards the two poles. This allows the movement of FtsZ monomers to the mid-
cell point to begin polymerisation in the presence of guanosine triphosphate (GTP), which is 
usually sandwiched between two FtsZ monomers.[311, 313] The polymerisation of FtsZ 
monomers then acts as a scaffold for the assembly of other divisional proteins to begin the 
process of cytokinesis. Assembly of the divisional proteins usually occurs in an almost linear 
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and hierarchical way in E. coli.[312] At this point, the FtsZ protofilaments begin to form and 
overlap in a head-to-tail fashion to produce the dynamic Z-ring while guanosine triphosphates 
(GTP) and guanosine diphosphate (GDP) are being exchanged in the cytoplasm during this 
process. The Z-ring then constricts to divide the mother cell into two daughter cells to complete 
the process. 
 
Figure 1. Bacterial cytokinesis (adapted from Panda et al.[311]) 
A) Mother bacterial cell with FtsZ monomers in the cytoplasm. B) Nucleoids are 
duplicated and segregated to move to two poles, allowing FtsZ monomer to assemble at the 
mid-cell point. C) Z-ring forms and constricts that leads to the division of mother cell into 
two identical daughter cells. 
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3.1.4 Structure of FtsZ 
 
FtsZ is a bacterial homologue of tubulin which means that it is structurally similar to its 
eukaryotic equivalent.[314] Both proteins are found to share identical folds, but with limited 
sequence identity of roughly 10 to 18%.[315-317] Both FtsZ and tubulin also seem to share 
similar mechanisms of action during cell division; where tubulin polymerises into 
microtubules, FtsZ polymerises into protofilaments. This implicates that the cytotoxic effect 
seen in tubulin inhibition may be transferrable to the antibacterial effect from inhibiting FtsZ, 
due to this structural similarity. Because of this, it will have a great impact on the design process 
of novel therapeutic agents targeting FtsZ.  
 
FtsZ has a relative molecular mass of 40,000.[318] Two main regions can be found on FtsZ, 
which are the GTP/GDP binding region (more details in section 3.1.4.1) in the N-terminal 
domain and a C-terminal region.[318, 319] These two domains are interconnected by a core 
helix H7 which has 23 residues in total. There are six strands of parallel beta (β) sheets, which 
include strands S1 to S6 and alpha (α) helices that include helices H1 to H6, where they are 
enclosed by two and three helices on either side in a Rossman fold topology, commonly found 
in both FtsZ and tubulin.[315, 320, 321] The C-terminal domain has four strands of β sheets 
(S7 to S10) and also two helices on one side, and one on the other side (H8 to H10). There are 
in total 129 residues (from residue number 228 to 356) in this domain.[315, 318]  
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3.1.4.1 GTP/GDP binding site and GTP hydrolysis 
 
FtsZ is a GTPase, binding to either GTP or GDP in the presence of potassium and magnesium 
ions.[317, 322] GTP hydrolysis induces and regulates FtsZ polymerisation, which is an 
important step for bacterial cytokinesis.[323] In general, there are six regions on FtsZ involved 
in GTP/GDP binding; in particular, residues in the N-terminal domain and the core helix. These 
regions include four tubulin loops that share similar sequence features to tubulin and two other 
binding areas for the guanine and ribose moieties. Loops T1 to T7 are specifically involved in 
the main GTP/GDP binding. Loop T1 interacts with the phosphates (interacting FtsZ residues: 
Gly47, Gly48 and Ala49) and the guanine base (interacting FtsZ residues: Asn51 and 
Thr52).[315] Loops T2 and T3 interact with β- and γ-phosphates of the nucleotide (T2 
interacting residues: Asn70, Thr71, Asp72 and Gln75; T3 interacting residues: Gly96, Ala97, 
Gly98 and Gly99). Tubulin protein sequence signature motif found in loop T4, GGGTGS/TG, 
is fully conserved in all tubulins and FtsZ. This motif is known to be involved in the main chain 
interaction with α- and β-phosphates. Loop T5 contains Thr159, Pro161, Phe162, Glu165 and 
Arg 169 which are important for ribose binding. Asn192 in loop T6 interacts with the guanine 
base through hydrogen bonding and is conserved in both FtsZ and tubulin. Asp238 in loop T7 
is found to prevent GTP hydrolysis if mutated to Ala without affecting nucleotide binding.[324] 
Phe208 located in the core helix H7 also interacts with the guanine base via hydrophobic 
interactions.[315] Glu83 and Arg85 located in the bend of helix H3 are also important for FtsZ 
polymerization where FtsZ polymerises when GTP is bound and depolymerises if GTP is 
removed.[325, 326] 
 
From experimental observations, GTP favours the straight conformation of FtsZ 
protofilaments, whereas GDP favours the curved conformation.[327] GTP hydrolysis has been 
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suggested to provide the energy required to generate the Z ring constriction in cell division. 
However, it was also argued that GTPase activity is more for the symmetrical invagination that 
occurs during FtsZ polymerisation and disassembly.[328-330] Nevertheless, GTP hydrolysis 
is confirmed to be the rate-limiting step in GTP turnover. At steady state, only GTP-bound 
FtsZ polymers are present and phosphates are rapidly released. This implies that the energy 
from GTP hydrolysis is also rapidly dispersed and not stored, which differs greatly from the 
microtubules.[331] Based on this, Erickson et al. suggested that the bending movement of 
protofilaments may be the actual driving force for cell constriction rather than GTP 
hydrolysis.[332] 
 
3.1.5 Accessory divisional proteins 
 
As mentioned previously, several accessory proteins play an important role in FtsZ assembly, 
especially in modulating FtsZ polymerisation by stabilising or destabilising the process.[333, 
334] Sites of protein-protein interactions can potentially be the target binding sites for novel 
antibacterial agents. Examples of stabilising proteins are FtsA, ZipA and ZapA whose main 
function is to stabilise the Z-ring formation where FtsA is required for cell abscission.[335-
339] SepF, mainly found to interact in the C-terminal of FtsZ, is another protein that increases 
the assembly and bundling of FtsZ polymers and stabilises FtsZ protofilaments by binding 
along its length.[340] FtsA and ZipA are also bound to the similar C-terminal region.[341] Zap 
A, on the other hand, is found to be bound to the inter-domain region between the N- and C-
terminal domains.[342]  
 
Other examples of auxiliary proteins involved in destabilising FtsZ polymerisation include 
SulA, which is shown to bind to the T7 loop surface of FtsZ and inhibits FtsZ assembly by 
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blocking part of the active site when FtsZ is assembled into protofilaments in E. coli and B. 
subtilis.[343, 344] Another inhibitory protein, YneA, also behaves in a similar fashion.[345] 
EzrA is also involved in inhibiting the FtsZ assembly in B. subtilis and also interacts and binds 
to the C-terminal tail of FtsZ.[346] The Min system essentially assists with the positioning of 
the Z ring in the mid-cell site. Min C and Min D are well known to inhibit the assembly of 
FtsZ, while Min E helps to restrict the activity of Min CD to the polar division sites.[347, 348] 
ClpX is also identified to inhibit FtsZ polymerisation.[349] Another protein inhibiting FtsZ 
assembly is UgtP, which acts like a metabolic sensor to control the cell size and mass in B. 
subtilis.[350] 
 
3.1.6 Curcumin and antibacterial effect 
 
In 1815, an extract was isolated from the rhizomes of Curcuma longa (turmeric) and reported 
as curcumin;[351] the full chemical structure was later solved in 1910 and synthetic methods 
emerged in 1913.[352, 353] Curcumin has long been used as a dietary supplement and also as 
part of traditional medicines.[354] It was only in the mid-20th century that the biological effects 
of curcumin began to be identified and characterised.[351] Multiple biological effects, such as 
antioxidant, anti-inflammatory, anticancer, antibacterial, antiviral and antifungal are attributed 
to curcumin.[355] The pleiotropic effects of curcumin are mainly due to its ability to modulate 
various signalling molecules such as nuclear factor-kappa B in pancreatic cancers and multiple 
myeloma.[354, 356]  
 
One of the very first papers published on curcumin in relation to its biological effect detailed 
its antibacterial activity against S. aureus, Salmonella paratyphi, Trichophyton gypseum and 
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Mycobacterium tuberculosis.[357] Several other studies have also confirmed the inhibitory 
effect of curcumin on Gram positive (G+ve) and Gram negative (G-ve) bacteria in vitro.[358, 
359] These findings demonstrated that curcumin has the potential to become an antibacterial 
drug candidate. However, the presence of hydrophobic features, and likelihood of degradation 
by plasma protease has rendered curcumin with poor solubility and bioavailability, making it 
unsuitable for actual clinical use.[354, 358, 359] 
 
3.1.7 Aims 
 
PC190723 is one of the most studied FtsZ inhibitors thus far; it has the greatest antibacterial 
potency against B. subtilis and also all strains and species of Staphylococci, which include 
methicillin-resistant Staphylococcus aureus (MRSA) and also a multi-drug-resistant S. aureus 
(MDRSA) isolate.[360] The minimal inhibitory concentration (MIC) of PC190723 was found 
to be in the range of 0.5 to 1.0 µg/mL. Currently, no other FtsZ inhibitors have an inhibitory 
potency in the nanomolar range, which implies that opportunities are still available in the search 
for a novel FtsZ inhibitor with improved potency.  
 
 
 
 
Figure 2. Compound 1 
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Compound 1 (Figure 2), a non-natural curcumin analogue, was previously synthesised, tested 
and found to have an inhibitory effect against B. Subtilis strain 168 (Bs168) cells (MIC of 2.0 
to 4.0 mg/L) previously in our group.[361] This work is the expansion of this previous finding 
on compound 1. Three main goals have been envisaged for continuing the search of novel FtsZ 
inhibitors. The first aim is to further modify the structure of compound 1 to make it a more 
selective and potent antibacterial against B. Subtilis. The second aim is to remove, as much as 
possible, the pan-assay interfering compound (PAIN) property in compound 1 to avoid false 
positive results in antibacterial assay testing. The third and final aim is to delve into a different 
chemical space that diversifies from curcumin and its analogues to search for novel hits with 
FtsZ inhibitory effects. A series of novel curcumin analogues have been synthesised in an 
attempt to fulfil the first two aims, while molecular modelling and virtual screening was used 
to look for novel hits.  
 
3.2 Experimental 
 
Concurrent cycles of molecular modelling and chemical synthesis took place during the 
experimental process. Details of experimental methods are explained below in sections 3.2.1, 
3.2.2 and 3.2.3. The results of the molecular modelling, chemical synthesis and compound 
testing are further discussed in more depth in section 3.3.  
 
3.2.1 Molecular modelling 
 
All software used in the molecular modelling and docking process was run using the Maestro 
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v.11.2.013 software suite (Schrödinger, LLC, New York, USA)[362] unless otherwise stated. 
Modelling processes involved protein preparation, receptor grid generation, ligand preparation, 
virtual screening, molecular docking and pharmacophore screening.  
 
3.2.1.1 Protein preparation 
 
FtsZ X-ray crystal structures with PDB ID: 2VXY from Bacillus Subtilis and also PDB ID: 
4DXD from S. aureus were downloaded from RCSB PDB and imported into Protein 
Preparation Wizard [231] for protein preparation. FtsZ with PDB ID: 4DXD had PC190723 
co-crystallised in its crystal structure where the co-crystallised ligand binding site was used in 
the molecular docking analysis in section 3.3.5. The protein crystal structures, 2VXY and 
4DXD, were corrected by adding hydrogen atoms, assigning bond orders, creating further zero-
order bonds to metals and generating disulphide bonds where needed. Epik [188, 190] was used 
to generate heteroatomic ionisation states at pH 7.0 ± 2.0. Missing sidechains and loops were 
added while all water molecules were removed if more than 5Å from the heteroatoms or less 
than 3 hydrogen bonds from non-waters. Hydrogen bond networks were optimised at pH 7.0 
by using PROPKA. The protein model was refined and minimised by converging all heavy 
atoms to RMSD of 0.3Å by using OPLS_2005 force field.[231] 
 
3.2.1.2 Receptor grid generation 
 
Potential druggable sites on protein model 2VXY were identified through SiteMap [80, 81] 
using standard default settings. The settings included the requirement of reporting at least 15 
site points per reported site with a maximum of up to 5 sites to be reported using a standard 
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grid. Hydrophobicity was defined in a more restrictive term for the site search. The site maps 
were set to be cropped at 4Å from the nearest site point. In total two potential ligand binding 
sites were found. The first site was named SiteMap_site1 and is in close vicinity to the inter-
domain cleft of FtsZ protein 2VXY (Figure 3). The second site, SiteMap_site2, is close to the 
GTP/GDP binding site in the N-terminal of 2VXY (Figure 4). SiteScores for SiteMap_site1 
and SiteMap_site2 were 0.959 and 0.895 respectively. Druggability scores (Dscore) were 0.962 
and 0.852 respectively for SiteMap_site1 and SiteMap_site2. For FtsZ protein with PDB ID: 
4DXD, the PC190723 co-crystallised site was used as the site for receptor grid generation for 
the molecular docking study for compound 4 against FtsZ.  
 
 
 
Figure 3. SiteMap_site1 close to the inter-domain cleft (circled) of FtsZ protein (PDB ID 
2VXY). The circled region is also the same putative binding site for compound 1 (as 
suggested by Haydon et al.[360]) 
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Figure 4. SiteMap_site2 close to GTP/GDP binding site (circled) of FtsZ protein (PDB ID 
2VXY) 
 
Both sites, SiteMap_site1 and SiteMap_site2, were used to generate the ligand binding sites on 
FtsZ protein 2VXY via Receptor Grid Generation.[363] Each site was represented by an 
enclosing box or grid which was selected based on the sites points that were found in the 
hydrophobic region of each reported site. A van der Waals radius scaling factor of 1.0 was 
applied to the radii of the protein atoms with partial atomic charges of less than 0.25. Rotations 
of hydroxyl and thiol groups were not allowed within the protein structure. The same procedure 
and default setting were used to generate ligand binding site on FtsZ protein 4DXD by using 
Receptor Grid Generation. 
 
In order to increase the chance of finding new hits, the FtsZ protein sequences of ESKAPE 
pathogens which encompass Enterococcus faecium, Staphlococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp. (E. 
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coli), plus two other microorganisms B. Subtilis, and M. tuberculosis were compared via 
Clustal Omega [364-366] from the European Bioinformatics Institute (EMBL-EBI). A 
conserved protein sequence region was found across all ESKAPE, along with B. Subtilis and 
M. tuberculosis pathogens. Three of the amino acid residues found within this region, ASN25, 
THR45 and GLY68, were selected randomly as the site for ligand binding. The grid was set 
via the centroid of these three residues, where only ligands with length ≤ 10Å were permitted 
to be docked to ensure only small molecules with the stated length will be docked at this 
specific site. The same standard default setting was used as before to set up this grid at this 
conserved protein region of all aforementioned pathogens. 
 
A final grid was also set up based on the putative binding site of compound 1 (Figure 3) [361] 
and also the conserved protein region of ESKAPE pathogens, B. Subtilis and M. tuberculosis, 
in order to allow more selections of potential hits. The grid was set based on the positions of 
four amino acid residues, VAL189, GLY229, PRO248 and LEU249 that were found to be 
conserved in all of aforementioned pathogens and also present in the putative binding site of 
compound 1. Only ligands with length ≤ 10Å could be docked at this site. Rotations were 
allowed on the hydroxyl groups of SER246, SER247 and THR309 only.  
 
3.2.1.3 Ligand preparation and molecular docking 
 
Compounds were downloaded as SDF files at a reference pH of 7.0 from the SPECS natural 
products library (total of 1496 ligands) and SPECS compound library (total of 410,555 ligands) 
accessed via SPECS[367] website (www.specs.net). Another group of compounds was 
introduced based upon the antibacterial effect found in compound 1 in B. Subtilis.[361] These 
compounds were a series of curcumin analogues drawn via 2D sketcher [368] which was also 
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used to sketch the reference compounds such as PC190723 [360] and curcumin. For the final 
molecular docking analysis in section 3.3.5, compound 4, the hit compound candidate was also 
drawn via 2D sketcher prior to LigPrep. 
 
All compounds were prepared via LigPrep [232, 233] prior to molecular docking. Up to a 
maximum of 32 stereoisomers per ligand were generated for each compound. All of the 
possible tautomers and ionisation states for each ligand were also produced at the pH of 7.0 ± 
2.0 before docking. Glide[186, 236] embedded in the Maestro suite was used for all the ligand 
docking. The docking process was started with high throughput virtual screening (HTVS) in 
lowest precision, then followed by standard precision (SP) and finally extra precision (XP) 
modes to screen all SPECS compound libraries. Only curcumin analogues, curcumin, 
PC190723 and compound 4 were further prepared by using ConfGen to ensure further 
alternative low energy conformations were available prior to XP docking for result comparison 
after the completion of SPECS compound library screening. 
 
3.2.1.4 Pharmacophore screening 
 
Pharmacophore screening was used during the modelling process to expand the hits selection. 
A pharmacophore hypothesis was created based on compound 1 (Figure 5) by using 
Phase.[369] This allowed further SPECS compounds to be screened for their similarity to the 
pharmacophores to compound 1. The top 20 SPECS compounds were chosen from the HTVS 
compound screening from both binding sites on SiteMap_site1 and SiteMap_site2. In total 40 
SPECS ligands selected from the HTVS docking were further prepared via ConfGen to 
generate more alternative low energy conformations prior to XP docking at SiteMap_site1 and 
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SiteMap_site2. A maximum of 50 conformers were generated for each ligand by using 
OPLS_2005 force field. 
 
Figure 5. Pharmacophore hypothesis for compound 1 - hydrogen acceptor region in red with 
inward arrows indicating bond acceptance, donor region in blue with outward arrows 
indicating bond donation, aromatic rings represented by orange rings and hydrophobic region 
in green. 
 
 
 
3.2.1.5 Compound shortlisting 
 
A Venn diagram was used to identify common ligands between the different ligand binding 
sites in order to help shortlist compounds for final selection. In total there were four categories 
of compounds that were further shortlisted from the XP docking mode. The first group 
consisted of curcumin, PC190723 and a series of curcumin analogues. The second group had 
the top 20 SPECS compounds with a similar pharmacophore to compound 1, the third was the 
SPECS compound library, and the fourth was the SPECS natural products library. These four 
categories of compounds were each docked onto both SiteMap_site1 and SiteMap_site2 in XP 
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mode on the FtsZ protein crystal structure, 2VXY. Shortlisted compounds from these four 
categories were further filtered through the FAF-Drugs3 filter [242] to detect any PAINs prior 
to compound testing. 
 
3.2.2 Chemistry 
 
All curcumin analogues were synthesised using a CEM Discover SP microwave reactor unless 
otherwise stated. Compounds 11, 12 and 13 were all commercially sourced, with 11 and 12 
from SPECS (Zoetermeer, Netherlands) and 13 from Tocris (Victoria, Australia). 1H and 13C 
NMR spectra were recorded at 400 and 100 MHz respectively on a Varian 400-MR magnetic 
resonance spectrometer with chemical shifts (δ) reported in parts per million (ppm). All spectra 
were acquired in deuterated solvents and the residual solvent peaks were used as internal 
references; 7.26 ppm (CDCl3), 2.50 ppm (DMSO-d6) and 3.31 ppm (methanol-d4). Low 
resolution electrospray ionisation (ESI) mass spectrometry was performed on a TSQ Quantum 
Access Max LCMS/MS (Thomas R Watson Mass Spectrometry Laboratory, Sydney Pharmacy 
School, University of Sydney). High resolution mass spectrometry was performed on a Bruker 
7T Fourier transform ion cyclotron resonance mass spectrometer (Mass Spectrometry Unit, 
School of Chemistry, University of Sydney). All starting materials and reagents were 
commercially available and purchased from Sigma Aldrich (Castle Hill, Sydney, Australia). 
Solvents were purchased from Chem-Supply (Australia) and were used as received. Flash 
column chromatography was performed using Reveleris (40-63 µm) Davisil chromatographic 
silica media. Thin layer chromatography (TLC) was performed using Merck KgaA TLC plates 
(UV254).  
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The chemical synthesis revolved around curcumin analogues only, with a special focus on 
compound 1, as discussed in some lengths in sections 3.1.7 and 3.1.8. General reaction schemes 
for the synthesis of curcumin analogues via microwave reactor, cyclisation of diketone group 
in the curcumin analogues and also transfer hydrogenation of curcumin analogues are provided 
below (Schemes 1 and 2). Relevant spectroscopic data for each compound can be found in 
chapter six and individual 1H and 13C NMR spectra are in the appendix. 
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4 R7 = R8 = (CH2)3 
5 R7 = R8 = (CH2)2 
8 R7 = R8 = H 
Scheme 1. General synthetic scheme for compounds 1 - 5 and 8 
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6 R = NH2, R7 = N, R8 = NH 
7 R = OH, R7 = N, R8 = O 
 
 
9 R = NH2, R7 = N, R8 = NH 
10 R = OH, R7 = N, R8 = O 
 
Scheme 2. General synthetic scheme for compounds 6, 7, 9 and 10 
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Figure 6. Structures of all tested compounds 
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3.2.3 Compound testing in Bacillus subtilis and Streptococcus pneumoniae 
3.2.3.1 Initial compound screening 
 
Seven compounds, 7, 8, 9, 10, 13, 12 and 11 (Figure 6), were dissolved and diluted in dimethyl 
sulfoxide (DMSO) to check for any growth inhibitory effect in Bs168 isolates (5 µM and 10 
µM concentrations were used for each compound). Growth inhibition of the Bs168 isolates was 
checked at 2 hours and 4 hours for each compound sample. Totarol, a known inhibitor of the 
Bs168 strain, was used as the positive control. Compounds 4 and 5 (Figure 6) were also tested 
in a similar fashion in S. pneumoniae strain R6 (SpnR6) cells and a mouse skin cell line L929 
for growth inhibitory effects. Compound 4 demonstrated desirable effect from the initial 
screening which was subjected to further experiments in section 3.2.3.2. All experiments 
described in sections 3.2.3.1 and 3.2.3.2 were performed by the research team led by Professor 
Dulal Panda at the Indian Institute of Technology Bombay, Mumbai.  
 
3.2.3.2 Compound 4 in Bacillus subtilis and Streptococcus pneumoniae 
3.2.3.2.1 Effect of compound 4 on activity of tubulin and alkaline phosphatase 
 
Tubulin polymerisation was monitored by light scattering at 350 nm using a spectrofluorometer 
for 30 minutes. 13 μM of tubulin in PEM buffer that contained 50 mM piperazine-N,N'-bis(2-
ethanesulfonic acid (PIPES) at pH 6.8, 3 mM of magnesium chloride (MgCl2) and 1 mM 
ethyleneglycol-bis(β-aminoethylether)-N,N,N',N'-tetraacetic acid (EGTA) was polymerised in 
the presence of 10% DMSO with varying concentration of 4 in 0, 10, 15 and 20 μM. The effect 
of 4 on alkaline phosphatase activity was monitored by measuring the absorbance at 410 nm 
of the product formed (4-nitrophenolate) by the action of alkaline phosphatase on para-
nitrophenyl phosphate (PNPP). 2 units/mL of the enzyme was used with a substrate 
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concentration of 250 μM dissolved in glycine sodium hydroxide (NaOH) buffer at pH 10.4. 
OD410 was measured for 600 seconds from the start of the reaction, with prior incubation at 
different concentrations of 4 in 5, 10 and 20 μM. 
 
3.2.3.2.2 Antibacterial testing of compound 4 
 
Initial assays were performed by the broth dilution method for Bs168 cells to determine 
whether 4 had any antibacterial action.  The Minimum Inhibitory Concentration (MIC) of 
Bs168 and SpnR6 cells was calculated in accordance with Clinical and Laboratory Standards 
Institute (CLSI) guidelines using an agar plate assay. Briefly, log-phase bacteria were serially 
diluted to 104 dilution factor and spotted on agar plates containing different concentrations of 
4 (0, 0.5, 1, 1.5, 2, 3, 5, 7, 9, 10, 12, 15 and 20 μM). The MIC is the lowest concentration where 
no colonies were observed. The IC50 was calculated by deriving the percentage of inhibition 
for each concentration and fitting in the log [inhibitor] versus response plot from GraphPad 
Prism software that uses the equation: Y = Bottom + (Top - Bottom)/(1+10^((LogIC50-
X)*HillSlope). 
 
3.2.3.2.3 Effect of compound 4 on cell nucleoids and morphology 
 
8 µM of 4 was added into log-phase bacteria and incubated at 37 ºC with shaking for 10 minutes 
to check for cell nucleoids. Cells were fixed overnight and subjected to permeabilisation where 
the cells were washed with PBS and incubated with primary and secondary antibodies against 
FtsZ for one hour each with intermittent washing with PBS-tween 20. Nucleoids were stained 
with DAPI for 20 minutes at the final concentration of 1 µg/mL in water. The cells were washed 
104 
 
with water and finally re-suspended in PBS. The sample was then mixed with mounting media, 
coated on the slides and covered with cover slip and visualised under the confocal microscope. 
 
The same concentration (8 µM) of 4 was added into log-phase bacteria and incubated at 37 ºC 
in shaking conditions for 10 minutes for cell morphology check. The cells were pelleted down 
and 1 µg/mL FM4-64 stain was added. The cells were allowed to take up the stain for 15 
minutes under shaking conditions at 37 ºC. The cells were washed with PBS once and re-
suspended in PBS. The cells were applied on a slide coated with poly-L-Lysine and a cover 
slip was used to fix the cells. 
 
3.2.3.2.4 Binding affinity of compound 4 
 
When 4 binds to FtsZ, the tryptophan fluorescence of the protein decreases with increasing 
concentration of 4. Thus, the binding constant (Kd) was calculated by the reduction in 
fluorescence at 340 nm. Inner filter correction was performed to correct the decrease in 
fluorescence due to the absorption of the compound at 340 nm. The Kd was determined from 
the following equation by fitting it in the plot of ∆F vs. concentration of 4: ∆F = ∆Fmax × [L]/ 
Kd + [L] 
 
3.2.3.2.5 Effect of compound 4 on FtsZ 
 
The effect of 4 on the polymerisation of FtsZ in S. Pneumoniae (SpnFtsZ) was monitored by 
the change in light scattering signal in the spectrofluorometer. 10 μM of SpnFtsZ in 50 mM 
PIPES at pH 7.4, 100 mM potassium chloride (KCl), 10 mM MgCl2 with different 
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concentration of 4 (1, 2, 3, 5, 6 and 7 μM) was incubated for 10 minutes at room temperature. 
The reaction was then triggered by addition of 1 mM GTP and monitored for 1200 seconds at 
37 ᴼC. The effect of 4 on the FtsZ polymers was quantified using sedimentation assay, where 
10 μM of SpnFtsZ under similar conditions was subjected to high speed centrifugation 
(157000g) after polymerisation in the presence of different concentrations of 4 (0.5, 1, 3, 6 and 
10 μM). 
 
The effect of 4 on the polymerisation of FtsZ in B. Subtilis (BsFtsZ) was visualised by 
transmission electron microscopy (TEM). Low concentration of BsFtsZ (5 μM) in 50 mM 
PIPES at pH 7.4, 100 mM KCl, 5 mM MgCl2 with different concentration of 4 (5 and 20 μM) 
was incubated for 10 minutes on ice.  The samples were then incubated at 37 ᴼC for 15 minutes 
in the presence and absence of 1 mM GTP. Electron microscopy grids were placed on 20 μL 
of the samples and subjected to 2% uranyl acetate staining for visualisation under TEM. 
 
3.3 Results and discussions 
3.3.1 Molecular modelling 
 
As mentioned in the experimental section, four categories of compounds were progressed to 
the final compound shortlisting stage. Several curcumin analogues, curcumin and PC190723 
were docked in XP mode on SiteMap_site1 and SiteMap_site2; seven compounds were found 
to be common to both sites that had XP docking score in the range of -6.139 to -7.422 kcal/mol. 
For the top 20 SPECS compounds with a similar pharmacophore to compound 1 (Figure 6) 
binding to either SiteMap_site1 and SiteMap_site2, there were two compounds common to 
both binding sites with docking scores between -5.012 and -6.267 kcal/mol. None of the ligands 
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from SPECS compounds library were common to both binding sites. However, for the SPECS 
natural products library, there was one compound that was found to bind to both binding sites 
with a docking score between -7.065 to -10.236 kcal/mol. All of the common ligands identified 
from the Venn diagram on both SiteMap binding sites were then checked via FAF-Drugs3 filter 
[242] for any PAINs properties. 
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Figure 7. Selected curcumin analogues, curcumin and PC190723 common to both 
SiteMap_site1 and SiteMap_site2 (curcumin 1c, 1k, 1a, 1j, 6a and curcumin are found with 
PAINs properties) 
*Note: curcumin and analogue 1a were in different conformations in the docking process 
 
Unsurprisingly, five curcumin analogues (Figure 7) out of the six compounds from category 
one were found to have some PAINs features, as curcumin is well-known for its PAINs 
property. Curcumin is known for being a membrane disruptor by disturbing the response of 
membrane receptors which produces its PAIN effect in different molecular targets.[292]  One 
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of the compounds found from screening the SPECS natural product library also had an 
intermediate PAINs property as a result of having catechol and phenol groups in its structure. 
The last category of top 20 SPECS ligands with a similar pharmacophore to compound 1 
identified two compounds, 11 and 12 (Figure 8), as common ligands to the two SiteMap sites. 
11 was found to pass the FAF-Drugs3 [242] PAINs check and 12 was found to have an 
intermediate and low risk PAINs property. 
 
 
Figure 8. Compound structures of compounds 11 and 12 
 
With regards to the ligand binding site based on the conserved FtsZ protein sequence region 
across all ESKAPE pathogens, B. Subtilis and M. tuberculosis, the main goal was to search for 
a broad-spectrum antibacterial hit compound that can target all of these pathogens. A total of 
three residues, ASN25, THR45 and GLY68, were selected randomly within the conserved 
protein sequence region from the above microbes to form this binding site. The last grid was 
set up on the putative binding site of compound 1, which was based on the putative binding 
site for PC190723 that was also equivalent to the Taxol-binding site in tubulin as suggested by 
Haydon et al. [360] By docking the compounds selected from in silico screening into this same 
putative site might further help with understanding the effect of 1 binding at the same site. 
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The use of this putative 1 binding site was contentious, since no mutational studies were 
performed to test the effect of residue mutations to confirm the actual site of compound 1-FtsZ 
interaction. In order to make the results more meaningful, it was then decided that only amino 
acid residues that were both in the putative compound 1 binding site and also in the conserved 
protein sequence region across the aforementioned microorganisms were used to set the final 
grid. This provides better coverage of the ligand binding regions on FtsZ protein and reinforced 
the aim to discover broad-spectrum antibacterial hit compounds. The four amino acid residues, 
Val189, Gly229, Pro248 and Leu249 that fulfilled the final grid criteria as stated above, were 
selected as the basis for the last grid.  
 
Selected SPECS compounds, including some from the SPECS natural products library, were 
submitted for a PAINs check through the FAF-Drugs3 filter [242] to ensure that none possessed 
any undesirable features. Only compounds with XP docking scores of -7.0 kcal/mol or more 
were selected. Venn diagrams were then used to find any common ligands from the last two 
grids. Unfortunately, no common compounds were found to bind to the last two grids from the 
SPECS compound library. Five compounds from the SPECS natural products library were 
discovered to potentially bind to both of these two grids. Amongst these five SPECS natural 
products, 13 (Figure 9) had a XP docking score of -8.372 kcal/mol when it was docked to the 
composite site that covered both the putative 1 site plus the conserved ESKAPE region site. 
The docking score for 13 was -8.362 kcal/mol when it was bound to the conserved ESKAPE 
region site only. This XP docking score for 13 was the best of the five SPECS natural products 
(table 1). 
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SPECS natural 
products 
XP docking scores (kcal/mol) 
Composite site  
(putative 1 site plus 
conserved ESKAPE 
region site - based on 
VAL189, GLY229, 
PRO248 and LEU249) 
Conserved ESKAPE 
region site only 
(based on ASN25, 
THR45 and GLY68) 
13 -8.372 -8.362 
AI-899 -8.257 -8.104 
AH-034 -8.166 -7.872 
AA-504 -8.013 -7.470 
AN-956 -7.921 -7.898 
Table 1. XP docking scores for the five identified SPECS natural products binding to both 
the composite site and conserved ESKAPE region. 
 
 
 
 
 
 
 
 
 
Figure 9. Compound structure of 13 identified from SPECS natural product library (left) and 
13 without the glucose unit attached (right) planned for synthesis 
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3.3.2 Chemistry 
 
A total of 10 curcumin analogues were prepared. The synthesis of one of the planned 
compounds, 13 (Figure 8) which was identified from the conserved protein region in the 
ESKAPE pathogens and compound 1 binding site screening, was not successful. 13 is 
essentially phlorizin, a glycosylated derivative of phloretin, that has been identified to exhibit 
antimicrobial effects in other G+ve bacteria, such as Staphylococcus aureus ATCC 6538, 
Listeria monocytogenes ATCC 13932 and methicillin-resistant S. aureus clinical strains.[370] 
The initial plan to synthesise 13 was to make the aglycone to allow greater ease in preparing 
the final product, especially as it was also shown that the glycosyl unit reduced the antibacterial 
effect of phloretin.[370] After several trials of a variety of different synthetic routes to make 
the modified version of 13, all the trials unfortunately did not produce the desired final purified 
form so a commercial source of 13 was found.  
 
 
 
 
 
Figure 10. Curcumin with α, β-unsaturated carbonyl groups within the region of double 
activated Michael system (shown in rectangle) 
 
 
Curcumin itself is a notorious PAIN, exhibiting with several PAINs behaviours, such as metal 
chelation, aggregation, membrane disruption, redox reactivity, covalent labelling of proteins, 
fluorescence interference and structural decomposition.[292, 371] The covalent modifying 
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behaviour of curcumin is known to be attributed to the Michael acceptors in the structure that 
will form glutathione adducts and disrupt membranes (Figure 10).[372] Metal ion chelation 
generally involves the two carbonyl groups in the β-diketone.[371] The two phenolic groups 
are linked to the redox reactivity. Although it did elicit some inhibitory effect on FtsZ of Bs168 
cells, compound 1 still retains some PAINs-related functional groups, such as the Michael 
acceptor system and phenolic groups. 
 
Because of the PAINs-related problem in compound 1, one of the project aims was to address 
this issue by attempting to remove as many PAINs-related functional groups as possible. The 
first aspect to be trialled was the removal of the Michael acceptor scaffold in 1. Methods to 
eliminate this Michael system involved the derivatisation of the β-diketone groups such as the 
synthesis of aromatic enone analogues by deleting one of the two Michael acceptors present 
[373] and also mono-carbonyl analogues which reduced the seven-carbon linker into five-
carbon linker instead.[374] A transfer hydrogenation method was initially trialled to reduce the 
two alkene bonds present in the Michael system into an alkane chain for 1. This method has 
been used previously to reduce curcumin to tetrahydrocurcumin, using palladium as the catalyst 
[375] and gave a novel tetrahydrocurcumin analogue, 4. The same transfer hydrogenation 
reaction was then used to reduce several other curcumin analogues. One of the other novel 
compounds, 7, was synthesised by cyclising the β-diketone group into an isoxazole ring, 
another means of removing the PAINs-related Michael system. 
 
In total, five tetrahydrocurcumin analogues (4, 5, 8, 9 and 10) were synthesised via this 
palladium-catalysed transfer hydrogenation reaction with relative ease, followed by 
purification of the crude product by flash column chromatography. Due to the tautomeric 
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nature of curcumin, some of the curcumin analogues were also expected to exist in tautomeric 
forms (Figure 11). This was reflected in some of the liquid chromatography mass spectrometry 
(LCMS) or mass spectrometry spectra as seen in the appendix. The yields for these five 
analogues were also not ideal which ranged from 10% to 70%. Optimising compound yield 
was however not the main experimental goal at this stage so more efforts were placed into 
searching for probable novel hits against FtsZ protein and also to improve the performance of 
1. Compound yield and purity will be the future focus once a hit compound has been confirmed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Tautomers for compound 4 
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The palladium-based transfer hydrogenation reaction became problematic when the same 
synthetic scheme (Schemes 1 or 2) was trialled for making three other curcumin analogues 
(Figure 12). The crude products obtained for the hydrogenated versions for these three 
analogues were more difficult to purify and presented with a long trail of spots on the thin layer 
chromatography (TLC) plate when the reaction was monitored. This could be due to the 
reactions not proceeding to completion even though all three reactions were run under the same 
experimental conditions as the rest of the other analogues. The reaction might be improved by 
running at a higher temperature than 80 to 82 ºC. The boiling point for cyclohexene (83 ºC) 
may limit the feasibility of this possibility. This was also in agreement with the drawback 
mentioned by Brieger et al. regarding transfer hydrogenation which demonstrated that 
cyclohexene might not be the most ideal hydrogen donor for the reduction to occur.[376] The 
use of cyclohexene might therefore also explain the suboptimal reaction rate leading to 
uncompleted reactions for 4, 5 and 8. 
 
The tautomeric nature of the curcumin analogues might also further add to the complexity of 
the crude products formed, especially when the reactions did not proceed to completion. An 
alternative way to overcome the issues in the transfer hydrogenation is to run the reduction 
reaction by using a hydrogenation reactor that uses hydrogen gas as the direct hydrogen source. 
This avoids indirect hydrogen transfer and inadequacy in reduction rate by cyclohexene as seen 
in the previous method. A direct hydrogen source may provide cleaner crude products for 
purification and enable higher chance of reaction completion but requires cautious handling 
due to the volatile nature of hydrogen gas. 
 
 
115 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Compounds 14, 15 and 16 
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3.3.3 Compound testing in Bacillus subtilis and Streptococcus pneumoniae 
 
A total of three ligands, 11, 12 and 13, were selected for compound testing from molecular 
modelling since they were the most suitable candidates that might have a better chance at 
binding to all of the proposed binding sites as discussed in section 3.2.1. Compound 12 was 
chosen for testing as there was only a low PAINs risk due to the presence of a hydrazone group 
in the structure. The hydrazone group was retained by Baell et al. [377] in their development 
of new substructure filters for removing PAINs from screening libraries in the early hits 
identification stage, as they might be able to form potential covalent linkages. It was concluded 
by the authors that, although the hydrazone group might have a potential toxicity problem for 
further development, it could be removed at later drug optimisation stage. Therefore, it was 
decided that 12 would still be tested after taking these factors into consideration. The process 
that led to the selection of these three compounds was the structure-based aspect of this project 
to help further enrich the results obtained from the main ligand-based method. The ligand-
based method, which formed the core basis of the whole experimental work, originated from 
the known antibacterial effect found in 1 in Bs168 cells, and was also the main reason for the 
continuation of this work. A series of curcumin analogues were thus synthesised based on the 
main ligand structure of 1 as discussed in section 3.3.2. 
 
From the ligand-based synthesis, a total of 10 curcumin analogues were made. Six of these 
analogues were novel and were tested in order to evaluate their effect on FtsZ. Overall, nine 
compounds were selected for testing, with 3 compounds coming from molecular modelling and 
6 compounds from ligand-based synthesis. Unfortunately, 11, 12 and 13 did not elicit any 
inhibitory effect in Bs168 cells in the preliminary compound screening. 7, 8, 9 and 10 also did 
not produce any inhibitory effect in the same bacterial strain. All seven compounds did not 
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produce more than 30-40 % inhibition in Bs168 cells at the concentration of 10µM in diluted 
DMSO after 2 and 4 hours for each sample. Totarol (4 µM) was used as the positive control. 
The overall results for these seven samples are shown in Tables 2 and 3. 
 
 
Compound % B. Subtilis inhibition at 2 hours Average (%) 
Set 1 Set 2 Set 3 
Totarol 96 96 96 96 ± 0 
7 27 31 23 27 ± 4 
8 16 16 18 17 ± 1 
9 8 35 18 20 ± 13 
10 33 46 30 36 ± 9 
13 26 39 20 28 ±10 
12 25 39 28 31 ± 7 
11 26 39 12 26 ± 13 
Table 2. Percentage inhibition in Bs168 cells after additions of compounds (10µM) and 
Totarol (4µM) after 2 hours. 
 
Compound % B. Subtilis inhibition at 4 hours Average (%) 
Set 1 Set 2 Set 3 
Totarol 100 99 100  100 
7 17 51 17 29 ± 20 
8 0 20 11 10 ± 10 
9 25 25 16 22 ± 5 
10 4 22 13 13 ± 9 
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13 27 22 10 20 ± 9 
12 28 9 17 18 ± 10 
11 27 9 20 19 ± 9 
Table 3. Percentage inhibition in Bs168 cells after additions of compounds (10µM) and 
Totarol (4µM) after 4 hours 
 
 
The most probable reason for the lack of effect seen in these compounds, in particular 7, 9 and 
10, could be due to poor solubility due to the presence of the heterocyclic rings, such as the 
pyrazole ring in 9 and isoxazole rings in 7 and 10. Increasing the number of aromatic rings in 
a compound has been related to poor aqueous solubility and drug developability.[378] This 
might also apply to 11, 12 and 13 as all three compounds contained at least two aromatic rings 
in their structures. Poor solubility of these compounds might also imply a possibility of poor 
uptake of these samples into the bacteria, thus impeding them from exerting their full effect. 
The reason for synthesising heterocyclic rings by closing the diketone group was that 
heteroaromatics were, in general, found to perform better than carboaromatics in oral drug 
development.[379] Another advantage of having aromatic rings in a potential drug molecule is 
the ability of the compound to exist in a stable crystalline form by forming intermolecular 
interactions such as π-interactions between an isoxazole ring and tyrosine residues.[379, 380] 
 
The growth inhibitory effect of 4 and 5 was initially tested in SpnR6 isolates. This gave  
minimal inhibitory concentrations for 50% inhibition of the isolates (MIC50) for compound 4 
of 541 ± 30 nM (1.9 µg/mL), which was higher than the MIC50 for compound 5, 939 ± 16 nM 
(0.3 µg/mL). Cytotoxicity testing was also investigated by testing these two compounds in 
mouse skin L929 cells to obtain the concentrations for 50% cell growth inhibition (GI50), as 
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shown in Table 4. The inhibitory effect of 4 in SpnR6 cells was around 12 times greater than 
its effect in the skin cells (GI50 = 7 ± 2.35 µM) whereas for 5, it was around one and half times 
greater (GI50 = 1.5 ± 0.4 µM).  
 
From Figures 13 and 14 and also tables 5 and 6, a concentration dependant reduction in the 
extent of FtsZ polymerisation by both 4 and 5 can be seen. The drug sample concentrations to 
reach half-maximal inhibitory concentration (IC50) cells for 4 and 5 were 1.773 µM and 1.785 
µM respectively. 
 
Compounds MIC50 MIC100 GI50 
4 541 ± 30 nM 1 µM 7 ± 2.35 µM 
5 939 ± 16 nM  1.2 µM 1.5 ± 0.4 µM 
Table 4. Effect of compounds 4 and 5 in SpnR6 cells (results expressed as MIC50 and 
MIC100) and mouse skin cells L929 (results expressed as GI50) 
 
 
 
 
 
 
 
Figure 13. Concentration of compound 4 (µM) versus percentage inhibition of FtsZ 
polymerisation (%) 
Concentration of compound 4 (µM) 
120 
 
 
 
Concentration of 
compound 4 (µM) 
Percentage inhibition of 
polymerisation (%) 
0 0 
1 29 ± 20 
2 54 ± 23 
3 62 ± 15 
4 93 ± 3 
5 91 ± 5 
Table 5. Concentration of 4 (µM) versus percentage inhibition of FtsZ polymerisation (%) 
 
 
 
 
 
 
 
Figure 14. Concentration of compound 5 (JL-18) (µM) versus percentage inhibition of FtsZ 
polymerisation (%) 
 
 
 
 
 
 
Concentration of compound 5 (µM) 
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Concentration of 
compound 5 (µM) 
Percentage inhibition of 
polymerisation (%) 
0 0 
1 37 ± 23 
2 45 ± 28 
3 66 ± 17 
4 76 ± 10 
5 90 ± 7 
Table 6. Concentration of 5 (µM) versus percentage inhibition of FtsZ polymerisation (%) 
 
Of all of the curcumin analogues tested, only 4 and 5 seemed to elicit any antibacterial effect. 
One major structural difference for all other compounds tested was that none of them had any 
cyclic aliphatic groups such as cyclopentyl and cyclohexyl rings in 4 and 5. This might in part 
explain why 8 did not elicit any effect due to the lack of aliphatic ring in its structure. This 
explanation might also be applicable to 11, 12 and 13, which were also devoid of the cyclic 
rings.  
 
Although the MIC50 for 5 indicated a higher potency than 4 and similar IC50 values were 
obtained for both 4 and 5, it was decided to carry out further in-depth testing on 4. The main 
reason behind this was the low GI50 for 5 and also the narrow safety window (only 1.5 times 
difference between its antibacterial and cytotoxic effects), which might overall indicate that 5 
was not suitable as a potential hit candidate as it posed higher chance of evoking potential 
cytotoxic effect than its supposed therapeutic effect. Analogue 4, on the other hand, had a much 
greater antibacterial effect than its cytotoxic effect, demonstrating greater potential as a hit 
candidate. 
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3.3.4 Effect of compound 4 in Bacillus subtilis and Streptococcus pneumoniae 
3.3.4.1 Growth inhibitory and PAINs effects of compound 4 
 
Since the initial compound screening had established 4 as a potential lead compound, it was 
also tested in Bs168 cells in order to further determine its bacterial growth inhibitory effect. 
The MICs for 4 were less than or equal to 10 µM and 2 µM in Bs168 and SpnR6 cells, 
respectively (Figure 15). The known IC50 for curcumin against bacteria such as Staphylococcus 
aureus, Staphylococcus epidermidis and Enterococcus is around 17 ± 3 µM.[381] The IC50 
values for 4 in Bs168 and SpnR6 cells were found to be 9.1 ± 0.01 µM and 1 ± 0.01 µM 
respectively. Therefore, a noticeable contrast in the IC50 values between 4 and curcumin can 
be seen, with 4 having much lower IC50 values than curcumin. The obtained IC50 in 4 was, 
however, higher than the previously tested compound 1 in the Bs168 cells, which had an IC50 
of 1.2 ± 0.5 µM[361] but a lower IC50 was found in SpnR6, indicating a potentially higher 
potency of 4 in this particular bacterial strain.  
 
Although compound 1 showed greater potency than compound 4 in terms of their IC50 in Bs168 
cells, one major drawback for 1 was its similarity in structure to curcumin, meaning that made 
both compounds are classified as PAINs, which was discussed in section 3.3.2. The synthesis 
of 4 removed this particular feature, which was supported by differences in its effect on the 
activity of two proteins, tubulin and alkaline phosphatase (Figures 16 and 17). From these 
figures, it can be seen that the light scattering intensity profiles for tubulin and alkaline 
phosphatase under the influence of different concentrations of 4 were very similar to the 
control. This demonstrated that 4 did not bind to non-specific protein targets which eliminates 
any concerns regarding it being a PAIN. Overall, these results indicate that 4 produced a low 
123 
 
MIC for clinically relevant organisms such as SpnR6 without any PAINs attributes, 
highlighting its potential to become an antibacterial hit candidate. 
 
 
Figure 15. Growth inhibitory effect of 4 (JL-17) in Bs168 (A) and SpnR6 (B) cells 
 
 
 
 
 
 
 
 
 
 
Figure 16. Effect of 4 (JL-17) on tubulin in various concentrations 
 
A. 
 
B. 
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Figure 17. Effect of 4 (JL-17) on alkaline phosphatase in various concentrations 
 
 
3.3.4.2 Inhibitory mechanisms of compound 4 in Bacillus Subtilis and Streptococcus 
pneumoniae 
 
Since the growth inhibitory effects were observed for 4 in Bs168 and SpnR6 cells, the possible 
mechanisms by which 4 exerts this effect were further investigated. 4 was found to perturb the 
Z-ring in Bs168 cells without affecting the nucleoids. Around 35 ± 17 % of the cells with the 
Z-ring present were found in the control and only 3 ± 3 % were found in the Bs168 cells treated 
with 4 (8 µM for 10 minutes exposure) (Figure 19). The nucleoid of the bacterial cells 
remained unaffected by the drug treatment, which confirmed that the compound targeted the 
Z-ring. The membrane morphology of Bs168 cells was also investigated and was found to 
remain intact after a short exposure of 4 for 10 minutes (Figure 18), further confirming that 4 
targeted the Z-ring in vivo. 
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I. Control II. Compound 4 
 
 
Figure 18. Compound 4 targeted Z-ring formation without membrane disruption in Bs168 
cells 
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I. Control 
 
II. Compound 4 
 
 
 
Figure 19. Perturbation of Z-ring formation by compound 4 in Bs168 cells  
Column a. Cells treated with Anti FtsZ-Cy3 antibodies 
 Column b. Cells treated with DAPI showing stained nucleoids  
Column c. Merged image from both columns a and b 
 
 
a. Anti FtsZ-Cy3 b. DAPI c. Merged 
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Figure 20. Fluorescence spectra of FtsZ in varying 4 (JL-17) concentrations 
 
 
 
 
 
 
 
 
 
 
Figure 21. Fluorescence intensity of FtsZ-4 (JL-17) complex against compound 4 
concentrations 
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Further experiments were performed in order to determine the binding characteristics of 4 to 
the FtsZ of SpnR6 cells (SpnFtsZ). The dissociation constant (Kd) for the compound binding 
to SpnFtsZ was found to be 2.2 ± 0.3 µM (Figures 20 and 21). This indicates that 4 binds to 
FtsZ with high affinity, which surpassed that of compound 1 (Kd = 4.0 ± 1.1 µM).[361] The 
extent of SpnFtsZ polymerisation was also measured when subjected to different 
concentrations of 4. A strong reduction in the light scattering signal was observed with 
increasing concentrations of 4 (Figure 22), which implies that 4 affects the assembly and 
bundling of SpnFtsZ. As seen from Figure 21, 10 µM of 4 reduced the polymer level by 17% 
(p = 0.03). The effect of 4 on the polymers formed was also evaluated in the sedimentation 
assay which showed a decrease in the sedimentation, indicating that smaller aggregates of 
SpnFtsZ might have been formed in the presence of 4. To further confirm this, the number of 
Bs168 FtsZ (BsFtsZ) filaments was also observed to be reduced in the presence of 4 (Figure 
23), which has suggested that the inhibitory mechanism of 4 was through aggregation. 
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Figure 22. Compound 4 (JL-17) inhibited polymerisation of SpnFtsZ 
A. Decline in SpnFtsZ polymers with increasing 4 concentrations 
B. Reduction in light scattering signal with increasing 4 concentrations 
 
 
A. 
B. 
* 
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Figure 23. Compound 4 caused aggregation of BsFtsZ filaments 
 
Future experiments will be carried out in order to confirm the influence of 4 on the FtsZ GTPase 
activity, size and structures of the FtsZ polymers, Z-ring dynamics of the FtsZ protein and also 
the effect of 4 on the localisation of other divisional proteins to aid a more thorough 
understanding of the effect of this compound. While it is worthwhile to further investigate 4 
and its potential antibacterial effect in G+ve bacteria, it is also important to search for possible 
hits to target against G-ve pathogenic bacteria such as E. coli and Pseudomonas aeruginosa 
and also other clinically relevant resistant strains such as MRSA. This will likely also form part 
of the ongoing future work. 
 
From the computer-aided drug design (CADD) perspective, structure-based drug design 
(SBDD) and pharmacophore screening did not contribute significantly towards the search of a 
novel antibacterial hit therefore a different CADD strategy such a fragment-based drug design 
Control Compound 4 (5µM) Compound 4 (20 µM) 
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might be worth trialling as the next step. Ligand-based drug design (LBDD) did, however, 
assist in the identification of 4 which was subsequently synthesised and tested with antibacterial 
effect. Recently, several compounds sourced from fungal isolates in the leaves, stems and roots 
of Ginkgo biloba L. were found with antimicrobial activity against S. aureus.[382] One of the 
compounds (Figure 24) had an MIC value of 10 µg/mL showing significant inhibitory effect 
against S. aureus. Structurally, compound 17 has a similarity to compound 1 in that both 
contain the conjugated Michael acceptor component in their structures. This feature was 
highlighted by the FAF-Drugs4 filter when 17 was examined to check for any PAINs feature.  
 
 
 
 
 
 
Figure 24. Structure of compound 17 (adapted from Wu et al.[382]) 
 
From the previous findings of the antibacterial effect of compounds 1 and 17, it can be deduced 
that the presence of the carbon linker in both compounds 1 and 17 may be useful for increasing 
hydrophobic interactions with the amino acid residues in FtsZ. A greater number of 
hydrophobic interactions was found in 17, when compared to two other compounds that had 
lower antibacterial activities, by Wu et al.[382] Although 17 showed antibacterial effect in S. 
HO
HO
O
O
O O
132 
 
aureus, its PAINs-prone Michael acceptor structure might contribute to false positive 
outcomes.  
 
Overall, the results from testing 4 demonstrated that, keeping the carbon linker and removing 
the Michael acceptor system has maintained the antimicrobial effect seen for compound 1 from 
our previous study.[361] The antibacterial effect observed in SpnR6 cells treated with 4 had a 
similar IC50 of around 1 µM, as seen in 1 in Bs168 cells, proving that the structural change did 
not eliminate the antibacterial effect found previously. The MIC found for compound 1 was 
2.0 – 4.0 mg/L[361] and for compound 4, it was ≤ 10 µM which was equivalent to 3.5 mg/L 
against Bs168 cells. Therefore, in terms of MIC, both compounds performed very similarly. 
However, an interesting difference can be seen between the MICs against S. pneumoniae 
between PC190723 and compound 4. An MIC of ≤ 2 µM (equivalent to 7.0 mg/L) was 
determined for compound 4 and the MIC found for PC190723 was a lot higher, at more than 
64 µg/mL (or mg/L), which meant that compound 4 might be superior than PC190723 in 
targeting S. pneumoniae than B. subtilis. 
 
One common structural feature in both 4 and 1 is the presence of the cyclohexanone ring, which 
may be a key component in provoking the antibacterial effect. Similar aliphatic cyclic structure 
was also present in 5 that has also produced some antibacterial effect. This will need to be 
further confirmed by other experiments focussing on the structure-activity relationships in 
order to specifically identify the critical structural constituents required for FtsZ inhibitory 
effect. 
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3.3.5 Molecular docking of compound 4 in FtsZ 
 
Since compound 4 demonstrated desirable growth inhibitory effect in Bs168 and SpnR6 cells, 
molecular docking analysis was done in 4 in order to shed some light on its possible binding 
conformation in FtsZ protein (PDB ID: 4DXD) in the co-crystallised PC190723 binding site. 
The amino acid residues and ligand interactions were checked in 2D format for both pre- and 
post-docking for PC190723 in order to validate that the docking performed in Maestro [362] 
on this co-crystallised site was valid and accurate. The ligand interaction diagrams for both 
pre- and post-docking for PC190723 on FtsZ (PDB ID: 4DXD) were identical to each other. 
This implied that the docking of compound 4 will provide some useful information on how it 
compared with PC190723 with regards to the compound-residue interactions. 
 
A docking score of -9.164 kcal/mol was found for compound 4 when it was docked into the 
co-crystallised PC190723 binding site (Figures 26 and 27). This has almost reached the same 
docking score of -9.458 kcal/mol for PC190723 binding to the same site (Figures 29 and 30). 
Ligand-receptor binding energies were analysed by using MM-GBSA [140] which revealed 
that the overall binding energy for PC190723 was lower than compound 4 (Table 7). Higher 
ligand and receptor strain energies were shown in compound 4 than for PC190723. This might 
explain why PC190723 remained to have higher potency since the ligand itself and also the 
protein receptor were under lesser strain meaning higher chance for more spontaneous binding 
to occur. 
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 MM-GBSA ∆G 
binding energy 
(kcal/mol) 
Ligand strain 
energy 
(kcal/mol) 
Receptor strain 
energy 
(kcal/mol) 
Compound 4 -56.53 9.43 13.38 
PC190723 -71.39 2.42 7.71 
Table 7. MM-GBSA binding energies of compound 4 and PC190723 on FtsZ (PDB ID: 
4DXD) 
 
Figure 25. 2D view of compound 4 docked into co-crystallised PC190723 binding site 
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Figure 26. Full view of compound 4 docked into co-crystallised PC190723 binding site on 
FtsZ (PDB ID: 4DXD) 
 
 
 
 
 
 
 
 
 
Figure 27. Zoom-in view of compound 4 in PC190723 binding site on FtsZ (PDB ID: 
4DXD) 
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Figure 28. 2D view of PC190723 docked into co-crystallised PC190723 binding site 
 
 
 
 
 
 
 
 
 
 
Figure 29. Full view of PC190723 docked into co-crystallised PC190723 binding site on 
FtsZ (PDB ID: 4DXD) 
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Figure 30. Zoom-in view of PC190723 in PC190723 binding site on FtsZ (PDB ID: 4DXD) 
 
From Figures 25 and 28, hydrogen-bonding was common to both compound 4 and PC190723 
with residue Asn263. The amine group of the amide in benzamide moiety from PC190723 
formed the hydrogen bond with Asn263 and Val207, while the other hydrogen-bonding 
occurred between the oxygen from the cyclohexyl carbonyl group of compound 4 with Asn263. 
Other hydrogen bonding were also present in PC190723 where Leu209 and Gly205 were 
involved with the carbonyl group from the amide in the benzamide moiety. Hydrogen bonding 
was also seen between Val310, Asn208 and Leu209 with compound 4.  
 
Considerable amounts of good hydrophobic contacts were also observed between compound 4 
and several amino acid residues such as Asp199, Asn263, Val297 and Thr309. Specifically, 
Asn263 and Thr309 interacted with the carbonyl group of the cyclohexyl ring in 4, whereas 
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Asp199 and Val297 formed numerous hydrophobic interactions with the cyclic ring. Large 
amounts of good contacts were also seen in PC190723 with the surrounding amino acid 
residues in the binding site. From these observations, Asn263 seemed to be the pivotal amino 
acid residue involved in establishing favourable chemical interactions such as hydrogen 
bonding and hydrophobic interactions with the ligand. This molecular docking work has also 
reinforced the previous hypothesis mentioned in section 3.3.4.2 on the likely importance of the 
cyclohexyl ring contributing towards the antibacterial effect observed in compounds 1 and 4. 
 
3.4 Conclusions 
 
In summary, compound 4 has shown a superior potency than compound 1 with a higher binding 
affinity to SpnFtsZ in clinically relevant pathogenic bacteria S. pneumoniae. The likely 
mechanism of action for 4 was through FtsZ aggregation by preventing the protofilament and 
Z-ring formations to obstruct cell division leading to inhibitory effect. The presence of aliphatic 
cyclic functional groups may play an important role in the compound activity. Further 
experimental works are still required in order to understand the full mechanistic aspect of 4 in 
FtsZ inhibition. 
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 Conclusion 
 
 
Treasures are only precious if hunted, 
Drugs are the same. 
 
 
Drug discovery is almost a lifetime business which is extremely intricate, challenging and 
rewarding at the same time. In the academic setting, drug discovery is all about learning from 
the process of how exactly a potential hit compound can be identified by using various means 
and strategies. Chapters two and three demonstrated some of these experiences. Towards the 
completion of chapter two, compound 20 was recognised as the compound with some SERCA 
inhibitory effect in the basal-like breast cancer cells. Although the inhibitory potency of 
compound 20 was not in the nanomolar range, the outcome has led to new insights on the 
possibility of target selectivity, by observing different tetrahydrocurcumin analogues exerting 
different effects in different calcium ATPases such as PMCA and SPCA. This was particularly 
shown by compound 10 with possible chance of targeting PMCA and compounds 15 and 12 
with potentials against SPCA. This is still early speculation as more experimental assays will 
be needed in the future to confirm this. 
 
In the third chapter, FtsZ was the protein of focus in the quest to search for novel antibacterial 
hits. Again, computer-aided drug design (CADD) played an important part for broadening the 
hit diversity from the known hit, compound 1, against Bacillus subtilis strain 168 cells (Bs168). 
Both structure-based drug design (SBDD) and ligand-based drug design (LBDD) techniques 
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were utilised where LBDD ended up to be the method that contributed the most to the results. 
Compound 4 was established as the next hit compound inhibiting the growth of both Bs168 
and Streptococcus pneumoniae strain R6 (SpnR6) cells. A better potency was observed in 4 
against the SpnR6 cells when compared to Bs168 cells. One of the noticeable improvements 
of 4 was the fact that the PAINs property seen in compound 1 was removed to avoid false 
positive testing outcomes. Compound 4 was found to impede Z-ring formation through FtsZ 
aggregation at this stage while more experimental work are being carried out to further 
ascertain the exact inhibitory mechanism. 
 
Interestingly, compound 20 from chapter two and compound 4 from chapter three are both 
novel non-natural tetrahydrocurcumin analogues synthesised with one distinctive difference. 
The difference lies in the number of carbon involved in the cyclic aliphatic rings in their 
structures; compound 20 has a cyclopentyl ring whereas compound 4 has a cyclohexyl one 
instead. Presence of this aliphatic cyclic structure in the ligand may provide several advantages. 
The number of hydrophobic interactions may increase to favour ligand-receptor binding. There 
will also be more flexibility of the aliphatic ring when compared to its more restrictive aromatic 
counterpart, to allow more room for the ligand to manoeuvre during the binding process. 
 
The entire drug discovery experience from this PhD work has produced two likely hit-to-lead 
molecules aiming to target two different proteins in relation to infectious diseases and cancers. 
Ongoing antimicrobial tests are still underway for compound 4, while ATPase assays will be 
required for compound 20 and other analogues to further clarify the current findings.  
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 Supplementary information for chapter two 
 
5.1 Homology modelling data 
 
Table 4. Comparison table for all homology models built for PMCA1b 
Calcium ATPases Homology Models Software used for 
model building 
(Structure Prediction 
Wizard used for all 
Maestro models) 
Model validation Stats 
(UCLA MBI – Structure 
Analysis and Verification 
Server) 
PMCA1 SERCA1a-1SU4-PMCA1 Maestro PROVE: Error 
ERRAT QF: 72.083  
Verify_3D: 53.71% 
PROCHECK: 
Errors 34 
Warning 0 
Pass 29 
SERCA1a-3B9B-3FGO-
PMCA1 
Maestro PROVE: Error 
ERRAT QF: 72.347 
Verify_3D: 55.72% 
PROCHECK:  
Errors 42 
Warning 0 
Pass 29 
SERCA1a-3B9B-PMCA1 Maestro PROVE: Error 
ERRAT QF: 73.300 
Verify_3D = 50.93% 
PROCHECK:  
Errors 41 
Warning 0 
Pass 29 
SERCA1a-3B9B-5KSD-
PMCA1b 
Maestro PROVE: Error 
ERRAT QF: Failed 
Verify_3D: 55.07% 
PROCHECK:  
Errors 37 
Warning 0 
Pass 29 
SERCA1a-4BEW-
PMCA1b 
Maestro PROVE: Error 
ERRAT QF: 67.391 
Verify_3D: 52.49% 
PROCHECK:  
Errors 38 
Warning 0 
Pass 29 
Swiss Model PROVE: Error 
ERRAT QF: 92.230 
Verify_3D: 69.56% 
PROCHECK:  
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Errors 29 
Warning 0 
Pass 29 
SERCA1a-1T5S-PMCA1b Maestro  PROVE: Error 
ERRAT QF: Failed 
Verify_3D: 56.45% 
PROCHECK:  
Errors 36 
Warning 0 
Pass 29 
SERCA1-1WPG-PMCA1b Maestro PROVE: Error 
ERRAT QF: 63.786 
Verify_3D: 53.91% 
PROCHECK:  
Errors 36 
Warning 0 
Pass 29 
SERCA1-2AGV-PMCA1b Maestro PROVE: Error  
ERRAT QF: 64.331 
Verify_3D: 46.94% 
PROCHECK:  
Errors 34 
Warning 0 
Pass 29 
SERCA1-Na+-K+-2ZXE-
PMCA1b 
Maestro PROVE: Error 
ERRAT QF: 66.980 
Verify_3D: 52.46% 
PROCHECK:  
Errors 32 
Warning 0 
Pass 29 
SERCA1-3N5K-PMCA1b Maestro PROVE: Error 
ERRAT QF: failed 
Verify_3D: 33.17% 
PROCHECK:  
Errors 33 
Warning 0 
Pass 29 
SERCA1-4XOU-PMCA1b Swiss Model PROVE: Error 
ERRAT QF: 88.900 
Verify_3D: 73.89% 
PROCHECK:  
Errors 28 
Warning 0 
Pass 29 
SERCA1-K+-transporting-
ATPase-5MRW-PMCA1b 
Swiss Model PROVE: Error 
ERRAT QF: 75.632 
Verify_3D: 53.64% 
PROCHECK:  
Errors 29 
Warning 0 
Pass 29 
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Table 5. Comparison table for all homology models built for SPCA1d  
Calcium ATPases Homology Models Software used for 
model building 
(Structure Prediction 
Wizard was used for 
all Maestro-built 
models) 
Model validation Stats 
(UCLA MBI – Structure 
Analysis and Verification 
Server) 
SPCA1d SERCA1a-3B9B-SPCA1d Maestro PROVE: Error 
ERRAT QF: 80.488 
Verify_3D: 62.45% 
PROCHECK: 
Errors 26 
Warning 0 
Pass 29 
SERCA1-1WPG-SPCA1d  Maestro PROVE: Error 
ERRAT QF: 76.135 
Verify_3D: 57.64% 
PROCHECK:  
Errors 30 
Warning 0 
Pass 29 
SERCA1-1SU4-SPCA1d Maestro PROVE: Error 
ERRAT QF: 75.842 
Verify_3D: 62.40% 
PROCHECK:  
Errors 34 
Warning 0 
Pass 29 
SERCA1-4YCM-SPCA1d Swiss Model PROVE: Error 
ERRAT QF: 96.127 
Verify_3D: 73.04% 
PROCHECK:  
Errors 25 
Warning 0 
Pass 29 
SERCA1-3AR2-SPCA1d Swiss Model PROVE: Error 
ERRAT QF: 94.477 
Verify_3D: 68.27% 
PROCHECK:  
Errors 24 
Warning 0 
Pass 29 
SERCA1-K+-transporting-
ATPase-5MRW-SPCA1d 
Swiss Model PROVE: Error 
ERRAT QF: 83.740 
Verify_3D: 66.01% 
PROCHECK:  
Errors 23 
Warning 0 
Pass 29 
SERCA1-PM-ATPase-
1MHS-SPCA1d 
Swiss Model PROVE: Error 
ERRAT QF: 80.503 
Verify_3D: 57.01% 
PROCHECK:  
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Errors 25 
Warning 0 
Pass 29 
SERCA1-2AGV-SPCA1d Maestro  PROVE: Error  
ERRAT QF: 70.503 
Verify_3D: 59.08% 
PROCHECK:  
Errors 27 
Warning 0 
Pass 29 
SERCA1a-1T5S-SPCA1d Maestro PROVE: Error 
ERRAT QF: 69.889 
Verify_3D: 62.36% 
PROCHECK:  
Errors 35 
Warning 0 
Pass 29 
SERCA1-3FGO-SPCA1d Maestro PROVE: Error 
ERRAT QF: 75.638 
Verify_3D: 57.53% 
PROCHECK:  
Errors 33 
Warning 0 
Pass 29 
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5.2 Homology model validations 
5.2.1 SERCA1a-3B9B-3FGO 
 
Stereochemical 
parameters with 
uncertainties 
Amino acid 
residues 
Ideal value with 
standard 
uncertainties (su) 
Actual value  
with su 
Helix ψ  ALA68 -39.4 
11.3 su 
19.2 
5.2 su 
THR778 33.0 
6.4 su 
φ helix  GLN108 -65.3 
11.9 su 
-123.7 
4.9 su 
THR181 -124.5 
5.0 su 
ALA779 -138.9 
6.2 su 
ω dihedral  GLY555 180.0 
5.8 su 
133.7 
8.0 su 
Table 1. The ideal and measured stereochemical values with su ≥ 4.5 for selected amino acid 
residues in SERCA1a-3B9B-3FGO model 
 
 
 
 
Parameter Mean su Classification Value Class 
1 2 3 4 
φ-ψ 
distribution 
- - > 75.0 % > 65.0 % > 55.0 % < 55.0 % 86.6 1 
χ-1 standard 
uncertainty 
18.2 6.2 < 12.0 < 18.2 < 24.4 > 24.4 13.8 2 
Hydrogen-
bond energy 
standard 
uncertainty 
0.87 0.24 < 0.63 < 0.87 < 1.11 > 1.11 0.82 2 
Table 2. Morris et al. classification for SERCA1a-3B9B-3FGO 
su denotes standard uncertainty 
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5.2.2 SERCA1-3N5K-TG 
 
This particular model had an ERRAT overall quality factor of 87.134 which was considered to 
be lower than the expected values of 95% or higher for reasonably well-defined high resolution 
structure such as 3N5K at 2.2 Å. PROVE plot of the model found 168 buried outlier protein 
atoms (4.5%) of the scored atoms and was just under the 5% error cut-off. A total of 80.99% 
of the residues within the model were found to have an averaged 3D-1D score of at least 0.2 or 
above, which just made it over the 80% cut-off mark. However, some issues could be expected 
in this model as the ERRAT quality factor indicated a lower than expected result, PROCHECK 
assessment was carried out to further examine the stereochemical quality of this model.  
 
Three residues (0.3%), VAL283, TRP288 and TYR867, were found in the disallowed region 
of the Ramachandran plot. A total of 91.5% of the residues were in the most favoured region 
which was above the recommended threshold of over 90%. There were still some 
stereochemical discrepancies seen in either φ or ψ helices (Table 6). When comparing the bond 
angles for these six residues in Table 6, none of them had any significant uncertainties of more 
than 4.5 from the ideal values. However, one common feature to all four residues, GLU109, 
THR181, ALA779 and TYR949, were that all of them had uncertainties in the C-N-Cα bond 
angles of at least one to 2.5 standard uncertainties from the mean values obtained from the 
work of Engh and Huber.[237] Similar scenario was also seen for HIS278 and THR778 within 
the ψ helix for both C-N-Cα and Cβ-Cα-C bond angles. These minor issues might have 
contributed to the major uncertainties seen in both φ and ψ helices. Its Morris et al. 
classification (Table 7) showed a slight improvement in the χ-1 standard uncertainty which 
moved from class 2 to 1. 
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Stereochemical 
parameters with 
uncertainties 
Amino acid 
residues 
Ideal value  
with su 
Actual value  
with su 
φ helix  GLU109 -65.3 
su 11.9 
-125.1 
su 5.0 
THR181 -127.1 
su 5.2 
ALA779 
 
-144.0 
su 6.6 
TYR949 
 
-128.3 
su 5.3 
Helix ψ  HIS278 -39.4 
su 11.3 
15.2 
su 4.8 
THR778 
 
34.8 
su 6.6 
Table 6. The ideal and measured stereochemical values with su ≥ 4.5 for selected amino acid 
residues in SERCA1-3N5K-TG model 
 
Parameter Mean su Classification Value Class 
1 2 3 4 
φ-ψ 
distribution 
 
- - > 75.0 % > 65.0 % > 55.0 % < 55.0 % 91.5 1 
χ-1 standard 
uncertainty 
 
18.2 6.2 < 12.0 < 18.2 < 24.4 > 24.4 10.4 1 
Hydrogen-
bond energy 
standard 
uncertainty 
0.87 0.24 < 0.63 < 0.87 < 1.11 > 1.11 0.73 2 
Table 7. Morris et al. classification for SERCA1-3N5K-TG 
 
 
 
5.2.3 SERCA1-3FGO-CPA 
 
The Verify_3D result found 80.18% of the residues in this model to have an averaged 3D-1D 
score of at least 0.2 or above. The total number of buried outlier protein atoms was 133 (3.5%) 
of the scored atoms which was under the 5% error threshold. The ERRAT overall quality factor 
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was only 88.308, which was again lower than the observed 91% for structures with resolution 
of 2.5 Å to 3 Å. To further examine this model, PROCHECK was also used to investigate the 
model quality. Only THR181 and TYR949 were found to have 4.5 standard uncertainties in 
the φ helix category. None of the residues had bond angle uncertainties of more than 4.5 
standard uncertainties from the observed mean values. There were four residues, LYS47, 
GLN244, VAL865 and TYR867, residing in the disallowed region of the Ramachandran plot. 
In total 90.1% (793) of the residues were in the most favourable region. Morris et al. 
classification of this model (Table 8) was also similar to SERCA1-3N5K-TG. 
 
Parameter Mean su Classification Value Class 
1 2 3 4 
φ-ψ 
distribution 
- - > 75.0 % > 65.0 % > 55.0 % < 55.0 % 90.1 1 
χ-1 standard 
uncertainty 
18.2 6.2 < 12.0 < 18.2 < 24.4 > 24.4 11.7 1 
Hydrogen-
bond energy 
standard 
uncertainty 
0.87 0.24 < 0.63 < 0.87 < 1.11 > 1.11 0.73 2 
Table 8. Morris et al. classification for SERCA1-3FGO-CPA 
 
 
Each homology model made for SERCA acquired different properties and features. The main 
stereochemical specifications could be seen in Table 9. Comparison of these main parameters 
between all models would identify SERCA1a-3B9B-3FGO as the best-fit model out of the six. 
One would also argue the proportion of residues in the most favoured region in the 
Ramachandran plot for SERCA1a-3B9B-3FGO was less than the ideal 90% mark but the 12% 
of the residues in the additional allowed regions could also add some more credits towards the 
model quality. The main reasons for compiling these six models were firstly to ensure all three 
SERCA isoforms were covered for the molecular modelling and virtual compound screening 
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process in the hope to maximise the chance of finding potential hits. By building these six 
models, this also helped to streamline and fine-tune the steps to reach the most optimal 
homology model possible. Also it would seem most logical to begin the homology modelling 
process by starting with SERCA rather than the other two calcium ATPases since SERCA was 
most well studied out of the three. 
 
Stereochemical 
parameters 
SERCA1a-
3B9B-
3FGO 
SERCA1-
3AR5 
SERCA2-
3AR4 
SERCA3-
3AR7 
SERCA1-
3N5K-TG 
SERCA1-
3FGO-
CPA 
SWISS-
MODEL 
Prime 
Verify_3D 84.21% 76.06% 78.15% 75.96% 80.99% 80.18% 
PROVE 137  
(3.7%) 
134 
(3.7%) 
152 
(4.2%) 
158 
(4.4%) 
168 
(4.5%) 
133 
(3.5%) 
ERRAT 91.624 96.555 92.666 95.273 87.134 88.308 
Residues in 
favoured region 
in 
Ramachandran 
plot 
762 
(86.6%) 
795 
(90.3%) 
776 
(87.9%) 
803 
(91.7%) 
805 
(91.5%) 
793 
(90.1%) 
Residues in 
disallowed 
region in 
Ramachandran 
plot 
0.5% 0.1% 0.1% 0.1% 0.3% 0.5% 
Residues with ≥ 
4.5 su in 
stereochemical 
parameters 
6 5 3 3 6 2 
Table 9. Main validation parameters used for all six SERCA homology models (NB: 
SERCA1-3AR5, SERCA2-3AR4 and SERCA3-3AR7 models were built for previous work) 
 
 
5.2.4 SERCA1-4XOU-PMCA1b 
 
SERCA1-4XOU-PMCA1b, the PMCA1 protein model, was validated using the SAVES meta-
server which confirmed that SERCA1-4XOU-PMCA1b had 73.89% of the residues to score at 
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least 0.2 in the 3D to 1D profile on the Verify_3D server. The model was accompanied with a 
QMEAN Z-score of -4.62 which indicated that this model was not an ideal one as its Z-score 
was less than -4.0 which would reflect poor quality of the experimental structure when 
compared to the model structure.[225-229] However this was the best-performing model out 
of a total of 12 homology models built for PMCA1b even though its Verify_3D score did not 
exceed the recommended 80% cut-off.[53-55] The overall ERRAT quality factor was found to 
be 88.90 which was about 2% lower than the ideal value of 91% for structures with lower 
resolutions such as between 2.5 to 3 Å.[56] PROVE server identified 221 buried outlier protein 
atoms (6.2%) of the scored atoms, which was higher than SERCA1a-3B9B-3FGO model and 
was over the 5% error threshold.[57] 
 
Amino acid residues in the energetically unfavoured and 
disallowed region of Ramachandran plot 
PRO92 
GLN128 
GLU144 
GLU146 
GLU191 
ALA293 
ASN310 
SER595 
ASP730 
PHE731 
Table 10. All amino acid residues that resided in the disallowed region of the Ramachandran 
plot for SERCA1-4XOU-PMCA1  
 
 
At a closer look, several amino acid residues were actually residing inside the disallowed region 
on the Ramachandran plot (Table 10). To further examine the Ramachandran plot, there were 
779 out of a total number of 1011 residues in the most energetically favoured regions (88.1%), 
83 residues resided in the additional allowed regions (9.4%), 13 residues were located in the 
generously allowed regions (1.5%) and finally 9 residues (non-glycine and non-proline 
residues) and also one proline residue at position number 92 were found in the disallowed 
region (1.0%). SERCA1-4XOU-PMCA1b model almost had 90% residues in the most 
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favoured regions and if the additional allowed region was added towards this criterion then 
there was actually a total of 97.5% of the residues in the allowed regions. Amino acid residues 
with uncertainties greater than 4.5 standard uncertainties from the ideal values in other 
stereochemical parameters were also noted below in Table 11.  
 
There were a total of 9 residues found with ω dihedral angle discrepancies which were higher 
than 4.5 standard uncertainties of the expected standard values.[237] The standard expected 
values of all geometrical parameters involving bond lengths and angles were measured by Engh 
and Huber. Structures from Cambridge Structural Database (CSD) were used as the source of 
their finding and were later adopted by Laskowski et al. in the PROCHECK programme for 
structural evaluation. Other researchers then conducted further investigations into the 
robustness of using these expected standard values for all relevant geometrical parameters 
found within a protein structure and found some variations in the dihedral angles involving the 
peptide bonds. In particular, it was worth noting that MacArthur and Thornton have discovered 
some discrepancies of the so-called optimal expected ω dihedral angle sitting at 180º with a 
standard uncertainty of 5.8.[383] Their conclusion stated that there could be a substantial 
uncertainty from planarity with a standard uncertainty of up to 6º for a mean value that was 
less than 180º for the trans peptides. They have also discovered that the variations in the mean 
value of ω dihedral angle could depend on the refinement method used without the influence 
from resolution. There was also a consistent finding for the difference in ω dihedral angles 
between the left and right-handed peptide chains. 
 
Therefore, the large ω dihedral angle uncertainties seen in these 9 residues within this PMCA1 
model could be attributed to the refinement method used in the structure refinement process 
for protein crystal structure 4XOU. It could be seen that 4XOU, a SERCA1 protein structure 
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from a European rabbit source, was refined by using a molecular replacement structure solution 
method that gave a resolution of 2.8 Å with an observed R-factor of 0.3052 and R-free factor 
of 0.3428. The stated R-factor was well higher than the recommended R-factor of 0.20-0.25 or 
below for well-refined structures.[384] Therefore, this PMCA1b homology model was built 
from a suboptimal homolog structure which would subsequently affect the quality of the final 
model.  
 
It could also be seen that LYS256 appeared not only under the ω dihedral deviation category 
but also the Chirality Cα deviation. This could be explained by the finding from Esposito et al. 
who demonstrated that the ω dihedral angle values were strictly correlated to the values of the 
adjacent ψ angles, which represented the torsional angles between the Cα-carbon bonds. In this 
case, the parameter uncertainties in both categories might be deemed as a result of chain effect 
where the two uncertainties were bound to occur concurrently. The φ helix uncertainty and also 
the proline φ uncertainties could also be related to the poor R-factor obtained in 4XOU and 
also arguably the subtle differences between SERCA1 and PMCA1 protein models that were 
yet to be explained clearly since there were no PMCA1 protein crystal structures solved entirely 
to date. 
 
Another possible reason for these notable uncertainties for the amino acid residue at position 
number 256 could be due to its importance in eliciting SERCA inhibitory effect when a SERCA 
inhibitor such as TG interacted with this particular residue at this position number.[385] So 
there might be some implications that these uncertainties might be in place for this particular 
functional purpose such as SERCA inhibition.[58] A probable similar functional-related 
explanation might also be applicable to the ω dihedral angle deviation of ASP257 where it was 
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known that amino acid residue at position number 257 was involved in CPA binding and 
inhibition.[386] 
 
 
Stereochemical 
parameters with 
uncertainties 
Amino acid residues Ideal value  
with su 
Actual value 
with su 
ω dihedral PRO91 180.0 
5.8 su 
227.0  
8.1 su 
GLN128 210.0 
5.2 su 
LYS256 139.0 
7.1 su 
ASP257 211.1 
5.4 su 
GLY344 151.0 
5.0 su 
PHE419 149.7 
5.2 su 
GLU494 150.5 
5.1 su 
THR525 229.0 
8.5 su 
ARG744 153.2 
4.6 su 
Chirality Cα  LYS256 33.9 
3.5 su 
-30.5  
(D-amino acid) 
18.4 su 
PHE731 -34.0 
(D-amino acid) 
19.4 su 
φ helix  ILE518 -65.3 
11.9 su 
-125.5 
5.1 su 
Proline φ  PRO92 -65.4 
11.2 su 
0.9  
5.9 su 
PRO129 -1.0 
5.7 su 
PRO258 -135.3 
6.2 su 
PRO403 
 
-119.4 
4.8 su 
Table 11. The ideal and measured stereochemical values with su ≥ 4.5 for selected amino 
acid residues in SERCA1-4XOU-PMCA1 model 
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5.2.5 SERCA1-4YCM-SPCA1d 
 
SERCA1-4YCM-SPCA1d was built from SWISS-MODEL with a QMEAN Z-score of -2.56 
as the SPCA1d model for molecular docking analysis.[225-229] The QMEAN Z-score was 
much higher than the poor quality model cut-off of less than -4.0. This indicated that this model 
might have a better quality than PMCA1b. SPCA1d model was assessed and found to have 
73.04% of the residues to score at least 0.2 in the 3D to 1D profile on the Verify_3D server.[53-
55] This model was also similar to PMCA1b where both models did not reach the target 80% 
cut-off on Verify_3D. Hence further parameters were evaluated in order to determine the 
quality of the SPCA1d model. The ERRAT overall quality factor was sitting at 96.13 which 
was higher than PMCA1b model and also higher than the observed 91% for lower resolution 
structures (2.5 to 3 Å).[56] The number of buried outlier protein atoms of the scored atoms in 
SPCA1d model was 174 (5.6%) from the PROVE server.[57] This was similar to the PMCA1b 
model in that the 5% error threshold mark was also surpassed. 
 
To further determine the quality of the SPCA1d model, other parameters were also inspected. 
Comparing the Ramachandran plots between SPCA1d and PMCA1b, there were 10 amino acid 
residues (1.0%) in the disallowed region for the PMCA1b model. On the other hand, only two 
residues (0.3%), LYS146 and LYS496, were found in the disallowed region of the plot for 
SPCA1d model. In the energetically favoured region, there were a total of 722 residues (92.3%) 
out of a total of 782 residues in this core area which indicated that this SPCA1d model was of 
reasonably good quality by exceeding the 90% cut-off in the most favoured region. For the 
additional allowed regions, there were 54 residues (6.9%) and the generously allowed regions 
had 4 residues (0.5%) residing in these areas. 
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The dihedral angle aspect of this particular protein model was also examined to further assess 
its quality, there were three main residue uncertainties noted. The first one was PRO474 which 
had a proline φ angle of -12.9 with a maximum uncertainty of 4.7 when comparing to the ideal 
value of -65.4 with the standard uncertainty of 11.2. ARG473 was found to have a ω dihedral 
angle of 212.4 with a maximum uncertainty of 5.6 (ideal value was 180.0 with the standard 
uncertainty of 5.8) and lastly there was ALA178 which had a Cα chirality of -38.1 with 
maximum uncertainty of 20.6 which was significantly lower than its ideal value of 33.9 with 
standard uncertainty of 3.5. None of these three residues were among the known critical amino 
acid residues in SERCA that were involved in ATP or Ca2+ binding, phosphorylation process 
or SERCA inhibitor binding sites. Also since there were no solved and well-defined crystal 
structures for either PMCA1b or SPCA1d proteins yet, the proposed explanation of protein 
function-related angle discrepancies might not be applicable here. The only likely explanation 
for these three angle deviations could be due to the quality of the crystal structure refinement 
for 4YCM. The observed R-factor for 4YCM was 0.2162 which was close to the typical R-
factor of 0.20 and its R-free factor was 0.2598. This would imply that this model had a better 
quality than PMCA1b in terms of its R- and R-free factors but the resolution of 4YCM was 3.2 
Å which was higher than 4XOU (2.8 Å) which meant that although the quality of the atomic 
model of SERCA1-4YCM-SPCA1d was better than SERCA1-4XOU-PMCA1b, the resolution 
of the SPCA1d model was in fact poorer than PMCA1b.  
 
The Morris et al. classifications for both PMCA1b and SPCA1d were the same in the φ-ψ 
distribution and the χ-1 standard deviation categories (class 1). For the hydrogen-bond energy 
standard uncertainty, both models scored a class 2 outcome (Tables 12 and 13). These results 
would imply that both models had reasonable and well-distributed φ-ψ torsional angles without 
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significant uncertainties in the χ-1 torsional angle for the side chain conformations. The only 
notable downside in both models was the higher hydrogen-bond energy standard uncertainties 
residing in class 2 rather than the preferred class 1. Therefore it could be argued that these two 
models were of considerable quality although not ideal but reasonable enough for further 
molecular docking analysis.  
 
Parameter Mean su Classification Value Class 
1 2 3 4 
φ-ψ 
distribution 
- - > 75.0 % > 65.0 % > 55.0 % < 55.0 % 88.1 1 
χ-1 standard 
uncertainty 
18.2 6.2 < 12.0 < 18.2 < 24.4 > 24.4 9.5 1 
Hydrogen-
bond energy 
standard 
uncertainty 
0.87 0.24 < 0.63 < 0.87 < 1.11 > 1.11 0.79 2 
Table 12. Morris et al. classification for SERCA1-4XOU-PMCA1b[58] 
 
Parameter Mean su Classification Value Class 
1 2 3 4 
φ-ψ 
distribution 
- - > 75.0 % > 65.0 % > 55.0 % < 55.0 % 92.3 1 
χ-1 standard 
uncertainty 
18.2 6.2 < 12.0 < 18.2 < 24.4 > 24.4 8.9 1 
Hydrogen-
bond energy 
standard 
uncertainty 
0.87 0.24 < 0.63 < 0.87 < 1.11 > 1.11 0.73 2 
Table 13. Morris et al. classification for SERCA1-4YCM-SPCA1d[58] 
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5.3 NMR spectral data 
 
2-{(E)-4-Hydroxybenzylidene)-6-[{(E)-3-(4-hydroxyphenyl]acryloyl]cyclohexan-1-one 7 
[361] 
4-Hydroxybenzaldehyde (1.95 g, 16.0 mmol) was added to 2-acetylcyclohexanone (1.12 g, 8.0 
mmol) and boric anhydride (2.87 mmol) in DMF (2 mL). The reaction mixture was stirred and 
heated at 65°C in a microwave reactor for 5 minutes. n-butylamine (50 µL) was added to the 
cooled reaction mixture after the first microwave irradiation and re-heated at the same 
temperature for another 5 minutes to complete the reaction cycle. The mixture was then stirred 
in 20% aq. acetic acid solution (100 mL) for an hour. The precipitate was filtered off, collected 
and purified by chromatography, eluing with ethyl acetate:hexane (1:4 to 3:2), and 
recrystallised from ethanol as required to yield 16 as a bright orange-red solid (2.02 g, 72%); 
1H NMR (400 MHz, methanol-d4) δH 1.77 (2H, m, H-4), 2.66 (2H, t, J = 6.1 Hz, H-3), 2.74 
(2H, t, J = 5.5 Hz, H-5), 6.82 (4H, d, J = 8.5 Hz, H-3'', H-5'', H-3''', H-5'''), 7.06 (1H, d, J = 15.5 
Hz, H-2'), 7.32 (2H, d, J = 8.6 Hz, H-2''', H-6'''), 7.52 (2H, d, J = 8.6 Hz, H-2'', H-6''), 7.57 (1H, 
s, CH=), 7.65 (1H, d, J = 15.5 Hz, H-3'); 13C NMR (100 MHz, methanol-d4) δC 24.2 (CH2, C-
4), 25.4 (CH2, C-3), 28.3 (CH2, C-5), 109.5 (quat, C-2 or C-6), 116.3 (2 × CH, C-3'', C-5'' or 
C-3''', C-5'''), 116.9 (2 × CH, C-3'', C-5'' or C-3''', C-5'''), 118.5 (CH, C-2'), 128.2 (quat, C-1''), 
129.1 (quat, C-1'''), 131.4 (2 × CH, C-2'', C-6''), 131.7 (quat, C-6 or C-2), 133.1 (2 × CH, C-
2''', C-6'''), 134.3 (CH, CH=), 143.5 (CH, C-3'), 159.2 (quat, C-4'''), 161.2 (quat, C-4''), 179.1 
(quat, C-1), 187.1 (quat. C-1'). 
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2-{(E)-4-Hydroxybenzylidene-5-{(E)-3-(4-hydroxyphenyl)acryloyl)cyclopentan-1-one 8 
[361] 
Prepared from 4-hydroxybenzaldehyde (1.22 g, 10 mmol) and 2-acetylcyclopentanone (0.63 g, 
5 mmol) using the same procedure as 16 from a literature method[361], 17 was isolated as a 
red solid (559 mg, 33%); 1H NMR (400 MHz, DMSO-d6) δH 2.86-2.82 (2H, m, H-3), 2.96-
2.92 (2H, m, H-4), 6.69 (1H, d, J = 15.7 Hz, H-2'), 6.81 (2H, d, J = 8.7 Hz, H-3''', H-5'''), 6.86 
(2H, d, J = 8.7 Hz, H-3'', H-5''), 7.17 (1H, m, H-4'), 7.50-7.46 (3H, m, H-3', H-2''', H-6'''), 7.60 
(2H, d, J = 8.6 Hz, H-2'', H-6''), 9.99 (1H, s, OH), 10.02 (1H, s, OH). 
 
 (1E,6E)-1,7-Bis(4-hydroxyphenyl)hepta-1,6-diene-3,5-dione 9 [361] 
Prepared from 4-hydroxybenzaldehyde (977 mg, 8 mmol) and acetylacetone (400 mg, 4 mmol) 
using the same procedure as 16 from the literature procedure[361], 18 was isolated as a dark 
orange solid (400 mg, 32%); 1H NMR (400 MHz, methanol-d4) δH 5.94 (1H, s, H-4), 6.59 (2H, 
d, J = 15.8 Hz, H-2, H-6), 6.82 (4H, d, J = 8.6 Hz, 2 × H-3', 2 × H-5'), 7.48 (4H, d, J = 8.6 Hz, 
2 × H-2', 2 × H-6'), 7.57 (2H, d, J = 15.8 Hz, H-1, H-7); 13C NMR (100 MHz, methanol-d4) δC 
101.9 (CH, C-4), 116.9 (4 × CH, 2 × C-3', 2 × C-5'), 122.0 (2 × CH, C-2, C-6), 128.0 (2 × quat, 
2 × C-1'), 131.1 (4 × CH, 2 × C-2', 2 × C-6'), 141.8 (2 × CH, C-1, C-7), 161.0 (2 × quat, 2 × C-
4'), 184.8 (2 × quat, C-3, C-5). 
 
2-(4-Hydroxybenzyl)-6-{3-(4-hydroxyphenyl)propanoyl}cyclohexan-1-one 10 [375] 
16 (450 mg, 1.3 mmol) was stirred in methanol (10mL) with 10% palladium on carbon (Pd/C) 
(200 mg, 1.9 mmol) and cyclohexene (973 mg, 11.8 mmol) was added dropwise. The reaction 
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was refluxed for two hours and monitored by TLC. The resulting solution was filtered through 
celite and distilled to obtain the crude product which was purified by chromatography on silica, 
eluting with ethyl acetate: hexane (1:4 to 2:3) to produce 19 as a yellow oil (64.9 mg, 15.4%); 
1H NMR (400 MHz, methanol-d4) δH 1.63 - 3.12 (13H, m, 2 × H-3, 2 × H-4, 2 × H-5, 2 × H-
2', 2 × H-3', 2 × H-4', H-6), 6.69 (4H, dd, H-3'', H-5'', H-3''', H-5'''), 7.00 (4H, m, H-2'', H-6'', 
H-2''', H-6'''); 13C NMR (100 MHz, methanol-d4) δC 24.0 (CH2, C-3 or C-4 or C-5), 25.3 (CH2, 
C-3 or C-4 or C-5), 25.4 (CH2, C-3 or C-4 or C-5), 27.0 (CH2, C-3'), 28.1 (CH2, C-2'), 30.8 
(CH2, C-4'), 37.8 (C-6), 116.2 (4 × CH, C-3'', C-5'', C-3''', C-5'''), 130.2 (quat, C-1'' or C-1'''), 
130.4 (2 × CH, C-2'''  C-6'''), 130.9 (CH, C-2'' or C-6''), 131.0 (quat, C-1''' or C-1''), 131.2 (CH, 
C-6'' or C-2''), 132.6 (quat, C-4'' or C-4'''), 133.1 (quat, C-4''' or C-4''), 208.1 (2 × quat, C-1, C-
1'); IR νmax/cm-1 3350 (OH), 1715 (C=O6-membered cyclic ketone), 1650 (C=C), 1441 (-C-H); HRMS 
(ESI) Found: MNa+, 375.1564. Calc. for C22H24O4: MNa+, 375.1567; LCMS m/z 353.10 
[M+H]+. 
 
2-(4-hydroxybenzyl)-5-{3-(4-hydroxyphenyl)propanoyl}cyclopentan-1-one 11 [375]  
Prepared from 17 (450 mg, 1.35 mmol) following the same procedure as 19, 20 was isolated 
as yellow grease (50 mg, 10.9 %); 1H NMR (400 MHz, methanol-d4) δH 1.27 (2H, s, H-3), 2.15 
(2H, m, H-4), 2.48 (2H, m, H-3'), 2.84 (5H, m, 2 × H-2', 2 × H-4', H-5), 6.68 (4H, m, H-3'', H-
5'', H-3''', H-5'''), 6.98 (4H, m, H-2'', H-6'', H-2''', H-6'''); 13C NMR (75 MHz, methanol-d4) δC 
23.0 (CH2, C-4), 29.2 (CH2, C-3), 28.1 (C-4' or C-2'), 30.7 (C-2' or C-4'), 34.1 (C-5), 35.0 (CH2, 
C-3'), 110.2 (quat, C-2), 114.7 (4 × CH, C-3'', C-5'', C-3''', C-5'''), 129.0 (2 × CH, C-2''', C-6''' 
or C-2'', C-6''), 129.5 (2 × CH, C-2'', C-6'' or C-2''', C-6'''), 130.1 (quat, C-1'' or C-1'''), 130.2 
(quat, C-1''' or C-1''), 131.4 (quat, C-4'' or C-4''') 131.6 (quat, C-4''' or C-4''), 155.3 (quat, C-1, 
C-1'); IR νmax/cm-1 3360 (OH), 1740 (C=O5-membered cyclic ketone), 1447 (-C-H); HRMS (ESI) 
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Found: MNa+, 361.1408. Calc. for C21H22O4: MNa+, 361.1410; LCMS m/z 339.11 [M+H]+. 
 
3,5-Bis{(1E)-4'-hydroxystyryl}-1H-pyrazole 12 [387] 
18 (339 mg, 1.1 mmol) was dissolved in DMF (2mL) and stirred. Hydrazine monohydrate (206 
mg, 4.1 mmol) and glacial acetic acid (1 mL) were added to the reaction mixture in a 
microwave synthesiser tube. The mixture was heated at 80°C for 5 minutes and cooled to room 
temperature then stirred in water (100 mL) for an hour. Precipitates were filtered, collected and 
purified by using ethyl acetate:hexane flash column chromatography with solvent gradient of 
1:4 to 3:2 to yield 21 as a yellow powder from a literature procedure [387] (132mg, 39%); 1H 
NMR (400 MHz, methanol-d4) δH 6.63 (1H, s, H-4), 6.79 (4H, d, J = 8.5 Hz, 2 × H-3'', 2 × H-
5''), 6.86 (2H, d, J = 16.5 Hz, 2 × H-1'), 7.08 (2H, d, J = 16.5 Hz, 2 × H-2'), 7.38 (4H, d, J  = 
8.6 Hz, 2 × H-2'', 2 × H-6''). 
 
3,5-Bis{(1E)-4'-hydroxystyryl}-1,2-oxazole 13 
Prepared from 18 (308 mg, 1 mmol) and hydroxylamine hydrochloride (300 mg, 4.3 mmol) 
following the same procedure as 21[387], 22 was isolated as bright yellow solids (10mg, 32%); 
1H NMR (400 MHz, methanol-d4) δH 6.69 (1H, s, H-4), 6.81 (4H, dd, J = 8.6 Hz, H-3', H-5', 
H-3'', H-5''), 6.92 (2H, dd, J = 16.4 Hz, H-2, H-6), 7.28 (2H, dd, J = 16.5 Hz, H-1, H-7), 7.45 
(4H, dd, J = 8.6 Hz, H-2', H-6', H-2'', H-6''); 13C NMR (100 MHz, methanol-d4) δC 98.5 (CH, 
C-4), 111.1 (CH, C-2), 113.2 (CH, C-6), 116.7 (2 × CH, C-3', C-5'), 116.8 (2 × CH, C-3'', C-
5''), 128.6 (quat, C-1' or C-1''), 128.8 (quat, C-1'' or C-1'), 129.7 (2 × CH, C-2', C-6'), 129.9 (2 
× CH, C-2'', C-6''), 136.2 (CH, C-1), 137.7 (CH, C-7), 159.8 (quat, C-3 or C-5), 160.0 (quat, 
C-5 or C-3), 164.0 (quat, C-4' or C-4''), 170.4 (quat, C-4'' or C-4'); LRMS (ESI) Found: MH+, 
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306.0800. Calc. for C19H15NO3: MH+, 306.1100; IR νmax/cm-1 3300 (OH), 1636 (C=C), 1456 
(C=CAr), 1375 (N-O); HRMS (ESI) Found: MH+, 306.1123. Calc. for C19H15NO3: MH+, 
306.1125; LCMS m/z 306.15 [M+H]+. 
 
(1E,6E)-1,7-bis(4-hydroxynaphthalen-1-yl)hepta-1,6-diene-3,5-dione 14 [361] 
Prepared from 4-hydroxy-1-naphthaldehyde (390mg, 2.3 mmol) and acetylacetone (114 mg, 
1.1 mmol) following the same literature procedure as 16[361], 23 was isolated as dark brown 
solids (72.2mg, 15%); 1H NMR (400 MHz, methanol-d4) δH 6.09 (1H, s, H-4), 6.79 (2H, d, J 
= 15.6 Hz, H-2, H-6), 6.90 (2H, d, J = 8.1 Hz, H-3'), 7.49 (2H, m, H-7' or H-8'), 7.60 (2H, m, 
H-8' or H-7'), 7.86 (2H, d, J = 8.1 Hz, H-2'), 8.24 (2H, d, J = 8.6 Hz, H-9'), 8.29 (2H, d, J = 8.4 
Hz, H-6'), 8.48 (2H, d, J = 15.6 Hz, H-1, H-7) 
 
2,4-difluoro-N-(4-fluorobenzyl)benzenesulfonamide 15 
24 was prepared by a literature procedure.[388] Sulfonyl chloride (0.21 g, 1.0 mmol) in DCM 
(2 mL) was slowly added to 4-fluorobenzylamine (0.19 g, 1.5 mmol) in DCM (2 mL) and 
stirred with triethylamine (0.15 g, 1.5 mmol) under N2 at room temperature overnight. DCM 
was removed under reduced pressure and resultant residue was extracted by using EtOAc. The 
organic layer was washed with HCl (1 M, 2 × 25 mL) and brine (2 × 25 mL) then dried upon 
anhydrous Na2SO4. EtOAc was then removed under reduced pressure to give 24 as white solids 
(0.66 g, 100%); 1H NMR (400 MHz, DMSO-d6) δH 4.10 (2H, s, H-1), 7.05 (2H, t, H-2', H-6') 
7.21 (3H, m, H-3'', H-3', H-5'), 7.43 (1H, m, H-5''), 7.78 (1H, m, H-2''), 8.56 (1H, s, NH); 13C 
NMR (100 MHz, DMSO-d6) δC 45.2 (CH2, C-1), 105.7 (CH, C-5''), 111.9 (CH, C-3''), 114.9 (2 
× CH, C-2', C-6'), 125.6 (quat, C-1''), 129.5 (2 × CH, C-3', C-5'), 131.5 (CH, C-2''), 133.5 (quat, 
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C-1'), 157.5 (quat, C-6'' or C-4'), 160.0 (quat, C-4' or C-6''), 162.5 (quat, C-4''). 
 
 
5.4 Additional calcium signalling profiles 
 
 
Ca2+ signalling profile for CPA versus DMSO over time 
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Structures of compounds A, B, C, D and E 
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Agonist concentrations of A (QG-05) versus Ca2+ response over time  
 
 
Agonist concentrations of B (JL-2) versus Ca2+ response over time 
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Agonist concentrations of C (JL-5) versus Ca2+ response over time 
 
 
 
Agonist concentrations of D (JL-1C) versus Ca2+ response over time 
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Agonist concentrations of E (JL-2CV) versus Ca2+ response over time 
 
 
Agonist concentrations of 5 (Hesperidin) versus Ca2+ response over time 
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Agonist concentrations of 6 (Camellianin A) versus Ca2+ response over time 
 
 
Agonist concentrations of 7 (JL-07) versus Ca2+ response over time 
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Agonist concentrations of 8 (JL-13) versus Ca2+ response over time 
 
Agonist concentrations of 9 (JL-15-20) versus Ca2+ response over time 
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Agonist concentrations of 14 (JL-21-3) versus Ca2+ response over time 
 
 
Agonist concentrations of 12 (JL-19) versus Ca2+ response over time 
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Agonist concentrations of 13 (JL-20-2) versus Ca2+ response over time 
 
 
Agonist concentrations of 15 (JL-C2) versus Ca2+ response over time 
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Agonist concentrations of 10 (JL-17-3) versus Ca2+ response over time 
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 Supplementary information for chapter three 
 
6.1 NMR Spectral data 
 
6-{(E)-4-Hydroxybenzylidene}-2-[{(E)-3-(4-hydroxyphenyl}acryloyl]cyclohexan-1-one 1 
[361] 
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4-Hydroxybenzaldehyde (1.95 g, 16.0 mmol) was added to 2-acetylcyclohexanone (1.12 g, 8.0 
mmol) and boric anhydride (2.87 mmol) in DMF (2 mL). The reaction mixture was stirred and 
heated at 65°C in a microwave reactor for 5 minutes. n-Butylamine (50 µL) was added to the 
cooled reaction mixture after the first microwave irradiation and the mixture re-heated at the 
same temperature for another 5 minutes to complete the reaction cycle. The mixture was then 
stirred in 20% aq. acetic acid solution (100 mL) for an hour. The precipitate was filtered off, 
collected and purified by chromatography, eluing with ethyl acetate:hexane (1:4 to 3:2), and 
recrystallised from ethanol as required to yield 1 as a bright orange-red solid (2.02 g, 72%); 1H 
NMR (400 MHz, methanol-d4) δH 1.77 (2H, m, H-4), 2.66 (2H, t, J = 6.1 Hz, H-3), 2.74 (2H, 
t, J = 5.5 Hz, H-5), 6.82 (4H, d, J = 8.5 Hz, H-3'', H-5'', H-3''', H-5'''), 7.06 (1H, d, J = 15.5 Hz, 
H-2'), 7.32 (2H, d, J = 8.6 Hz, H-2''', H-6'''), 7.52 (2H, d, J = 8.6 Hz, H-2'', H-6''), 7.57 (1H, s, 
CH=), 7.65 (1H, d, J = 15.5 Hz, H-3'); 13C NMR (100 MHz, methanol-d4) δC 24.2 (CH2, C-4), 
25.4 (CH2, C-3), 28.3 (CH2, C-5), 109.5 (quat, C-2 or C-6), 116.3 (2 × CH, C-3'', C-5'' or C-
3''', C-5'''), 116.9 (2 × CH, C-3'', C-5'' or C-3''', C-5'''), 118.5 (CH, C-2'), 128.2 (quat, C-1''), 
129.1 (quat, C-1'''), 131.4 (2 × CH, C-2'', C-6''), 131.7 (quat, C-6 or C-2), 133.1 (2 × CH, C-
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2''', C-6'''), 134.3 (CH, CH=), 143.5 (CH, C-3'), 159.2 (quat, C-4'''), 161.2 (quat, C-4''), 179.1 
(quat, C-1), 187.1 (quat. C-1'). 
 
6-{(E)-4-Hydroxybenzylidene}-5-[(E)-3-{4-hydroxyphenyl}acryloyl]cyclopentan-1-one 2 
[361] 
O O
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Prepared from 4-hydroxybenzaldehyde (1.22 g, 10 mmol) and 2-acetylcyclopentanone (0.63 g, 
5 mmol) using the same procedure as 1 from a literature method,[361] cyclopentaone 2 was 
isolated as a red solid (559 mg, 33%); 1H NMR (400 MHz, DMSO-d6) δH 2.86-2.82 (2H, m, 
H-3), 2.96-2.92 (2H, m, H-4), 6.69 (1H, d, J = 15.7 Hz, H-2'), 6.81 (2H, d, J = 8.7 Hz, H-3''', 
H-5'''), 6.86 (2H, d, J = 8.7 Hz, H-3'', H-5''), 7.17 (1H, m, H-4'), 7.50-7.46 (3H, m, H-3', H-2''', 
H-6'''), 7.60 (2H, d, J = 8.6 Hz, H-2'', H-6''), 9.99 (1H, s, OH), 10.02 (1H, s, OH). 
 
(1E,6E)-1,7-Bis(4-hydroxyphenyl)hepta-1,6-diene-3,5-dione 3 [361] 
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Prepared from 4-hydroxybenzaldehyde (977 mg, 8 mmol) and acetylacetone (400 mg, 4 mmol) 
using the same procedure as 1 from the literature procedure, [361] curcumin analogue3 was 
isolated as a dark orange solid (400 mg, 32%); 1H NMR (400 MHz, methanol-d4) δH 5.94 (1H, 
s, H-4), 6.59 (2H, d, J = 15.8 Hz, H-2, H-6), 6.82 (4H, d, J = 8.6 Hz, 2 × H-3', 2 × H-5'), 7.48 
(4H, d, J = 8.6 Hz, 2 × H-2', 2 × H-6'), 7.57 (2H, d, J = 15.8 Hz, H-1, H-7); 13C NMR (100 
MHz, methanol-d4) δC 101.9 (CH, C-4), 116.9 (4 × CH, 2 × C-3', 2 × C-5'), 122.0 (2 × CH, C-
2, C-6), 128.0 (2 × quat, 2 × C-1'), 131.1 (4 × CH, 2 × C-2', 2 × C-6'), 141.8 (2 × CH, C-1, C-
7), 161.0 (2 × quat, 2 × C-4'), 184.8 (2 × quat, C-3, C-5). 
 
2-(4-Hydroxybenzyl)-6-{3-(4-hydroxyphenyl)propanoyl}cyclohexan-1-one 4 [375] 
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Cyclohexanone 1 (450 mg, 1.3 mmol) was dissolved and stirred in methanol (10 mL) with 
10% palladium on carbon (Pd/C) (200 mg, 1.9 mmol) and dropwise cyclohexene (973 mg, 11.8 
mmol) added. The reaction was heated at 80 to 82°C under reflux for two hours and monitored 
by TLC. The resulting solution was filtered through celite to obtain crude product. The crude 
product was purified by using ethyl acetate: hexane flash column chromatography with solvent 
gradient of 1:4 to 2:3 to produce 4 as yellow oil (64.9 mg, 15.4%); 1H NMR (400 MHz, 
methanol-d4) δH 2.16 – 3.35 (12H, m, 2 × H-4', 2 × H-2', 2 × H-3', 2 × H-3, 2 × H-4, 2 × H-5), 
3.35 (1H, broad, H-6), 6.69 (4H, m, H-3'', H-5'', H-3''', H-5'''), 7.00 (4H, m, H-2'', H-6'', H-2''', 
H-6'''); 13C NMR (100 MHz, methanol-d4) δC 29.5 (CH2, C-3'), 30.7 (CH2, C-2'), 31.4 (CH2, 
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C-4'), 35.0 (CH2, C-3 or C-4 or C-5), 37.8 (CH2, C-3 or C-4 or C-5), 40.3 (CH2, C-3 or C-4 or 
C-5), 41.5 (C-6), 116.1 (4 × CH, C-3'', C-5'', C-3''', C-5'''), 130.4 (2 × CH, C-2''', C-6''' or C-2'', 
C-6''), 130.9 (2 × CH, C-2'', C-6'' or C-2''', C-6'''), 132.6 (quat, C-1'' or C-1'''), 133.1 (quat, C-
1''' or C-1''), 156.6 (quat, C-4'' or C-4'''), 161.3 (quat, C-4''' or C-4''), 208.1 (2 × quat, C-1 and 
C-1'); IR νmax/cm-1 3350 (OH), 1715 (C=O6-membered cyclic ketone), 1650 (C=C), 1441 (-C-H); 
HRMS (ESI) Found: MNa+, 375.1564. Calc. for C22H24O4: MNa+, 375.1567; LCMS m/z 
353.10 [M+H]+ 
 
2-(4-Hydroxybenzyl)-5-{3-(4-hydroxyphenyl)propanoyl}cyclopentan-1-one 5 [375]  
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Prepared from 2 (450 mg, 1.35 mmol) following the same procedure as 4, 5 was isolated as 
yellow grease (50 mg, 10.9 %); 1H NMR (400 MHz, methanol-d4) δH 1.27 (2H, s, H-3), 2.15 
(2H, m, H-4), 2.48 (2H, m, H-3'), 2.84 (5H, m, 2 × H-2', 2 × H-4', H-5), 6.68 (4H, m, H-3'', H-
5'', H-3''', H-5'''), 6.98 (4H, m, H-2'', H-6'', H-2''', H-6'''); 13C NMR (75 MHz, methanol-d4) δC 
23.0 (CH2, C-4), 29.2 (CH2, C-3), 28.1 (C-4' or C-2'), 30.7 (C-2' or C-4'), 34.1 (C-5), 35.0 (CH2, 
C-3'), 110.2 (quat, C-2), 114.7 (4 × CH, C-3'', C-5'', C-3''', C-5'''), 129.0 (2 × CH, C-2''', C-6''' 
or C-2'', C-6''), 129.5 (2 × CH, C-2'', C-6'' or C-2''', C-6'''), 130.1 (quat, C-1'' or C-1'''), 130.2 
(quat, C-1''' or C-1''), 131.4 (quat, C-4'' or C-4''') 131.6 (quat, C-4''' or C-4''), 155.3 (quat, C-1, 
C-1'); IR νmax/cm-1 3360 (OH), 1740 (C=O5-membered cyclic ketone), 1447 (-C-H); HRMS (ESI) 
Found: MNa+, 361.1408. Calc. for C21H22O4: MNa+, 361.1410; LCMS m/z 339.11 [M+H]+.  
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3,5-Bis{(1E)-4'-hydroxystyryl}-1H-pyrazole 6 [387] 
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3 (339 mg, 1.1 mmol) was dissolved in DMF (2mL) and stirred. Hydrazine monohydrate (206 
mg, 4.1 mmol) and glacial acetic acid (1 mL) were added to the reaction mixture in a 
microwave synthesiser tube. The mixture was heated at 80°C for 5 minutes and cooled to room 
temperature then stirred in water (100 mL) for an hour. Precipitates were filtered, collected and 
purified by using ethyl acetate:hexane flash column chromatography with solvent gradient of 
1:4 to 3:2 to yield 6 as a yellow powder from a literature procedure[387] (132mg, 39%); 1H 
NMR (400 MHz, methanol-d4) δH 6.63 (1H, s, H-4), 6.79 (4H, d, J = 8.5 Hz, 2 × H-3'', 2 × H-
5''), 6.86 (2H, d, J = 16.5 Hz, 2 × H-1'), 7.08 (2H, d, J = 16.5 Hz, 2 × H-2'), 7.38 (4H, d, J  = 
8.6 Hz, 2 × H-2'', 2 × H-6''). 
 
3,5-Bis{(1E)-4'-hydroxystyryl}-1,2-oxazole 7 
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Prepared from 3 (308 mg, 1 mmol) and hydroxylamine hydrochloride (300 mg, 4.3 mmol) 
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following the same procedure as 6[387], 7 was isolated as bright yellow solids (10mg, 32%); 
1H NMR (400 MHz, methanol-d4) δH 6.69 (1H, s, H-4), 6.81 (4H, dd, J = 8.6 Hz, H-3', H-5', 
H-3'', H-5''), 6.92 (2H, dd, J = 16.4 Hz, H-2, H-6), 7.28 (2H, dd, J = 16.5 Hz, H-1, H-7), 7.45 
(4H, dd, J = 8.6 Hz, H-2', H-6', H-2'', H-6''); 13C NMR (100 MHz, methanol-d4) δC 98.5 (CH, 
C-4), 111.1 (CH, C-2), 113.2 (CH, C-6), 116.7 (2 × CH, C-3', C-5'), 116.8 (2 × CH, C-3'', C-
5''), 128.6 (quat, C-1' or C-1''), 128.8 (quat, C-1'' or C-1'), 129.7 (2 × CH, C-2', C-6'), 129.9 (2 
× CH, C-2'', C-6''), 136.2 (CH, C-1), 137.7 (CH, C-7), 159.8 (quat, C-3 or C-5), 160.0 (quat, 
C-5 or C-3), 164.0 (quat, C-4' or C-4''), 170.4 (quat, C-4'' or C-4'); LRMS (ESI) Found: MH+, 
306.0800. Calc. for C19H15NO3: MH+, 306.1100; IR νmax/cm-1 3300 (OH), 1636 (C=C), 1456 
(C=CAr), 1375 (N-O); HRMS (ESI) Found: MH+, 306.1123. Calc. for C19H15NO3: MH+, 
306.1125; LCMS m/z 306.15 [M+H]+. 
 
(1E,6E)-1,7-Bis(4-hydroxyphenyl)hepta-1,6-diane-3,5-dione 8 
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Prepared from 3 (339 mg, 1.1 mmol) following the same procedure as 4, 8 was isolated as 
yellow powder (172 mg, 50 %);1H NMR (400 MHz, DMSO-d6) δH 2.51 (3H, t, J = 7.7 Hz, 2 
× H-2, 1 × H6 or 2 × H-6, 1 × H-2), 2.72 (2H, s, 1 × H-2 or H-6, 1 × H-1 or H-7), 2.78 (3H, t, 
J = 7.68 Hz, 2 × H-1, 1 × H-7 or 2 × H-7, 1 × H-1), 3.61 (1H, s, H-4), 6.69 (4H, d, J = 7.7 Hz, 
2 × H-3', 2 × H-5'), 6.98 (4H, dd, J = 8.0 Hz, 2 × H-2', 2 × H-6'); 13C NMR (100 MHz, methanol-
d4) δC 29.6 (CH2, C-1 or C-7), 31.9 (CH2, C-1 or C-7), 41.3 (CH2, C-2 or C-6), 46.3 (CH2, 
C-2 or C-6), 116.2 (4 × CH, 2 × C-3', 2 × C-5'), 130.3 (4 × CH, 2 × C-2', 2 × C-6'), 132.9 (2 × 
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quat, 2 × C-1'), 156.7 (2 × quat, 2 × C-4'), 194.6 (quat, C-3 or C-5), 206.4, (quat, C-3 or C-5); 
IR νmax/cm-1 3267 (OH), 1740 (C=O), 1424 (-C-H); HRMS (ESI) Found: MNa+, 335.1250. 
Calc. for C19H20O4: MNa+, 335.1254. LCMS m/z 313.08 [M+H]+. 
 
3,5-Bis{(1E)-2-(4-hydroxyphenyl)ethanyl}-1H-pyrazole 9 
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Prepared from 6 (132 mg, 0.43 mmol) following the same procedure as 4, 9 was isolated as 
yellow oil (92.6 mg, 70 %); 1H NMR (400 MHz, methanol-d4) δH 2.80 (8H, s, 4 × H-1', 4 × H-
2'), 5.80 (1H, s, H-4), 6.68 (4H, d, J = 8.52 Hz, 2 × H-3'', 2 × H-5''), 6.97 (4H, d, J = 8.48 Hz, 
2 × H-2'', 2 × H-6''); 13C NMR (100 MHz, methanol-d4) δC 36.1 (4 × CH2, 2 × C-1', 2 × C-2'), 
103.3 (CH, C-4), 116.1 (2 × CH, C-3'', C-5''), 130.3 (2 × CH, C-2'', C-6''), 133.6 (quat, 2 × C-
1''), 156.5 (quat, 2 × C-4''); IR νmax/cm-1 3275 (OH), 1667 (N-Hcyclic), 1485 (C=CAr), 1399 (-C-
H); HRMS (ESI) Found: MH+, 309.1592. Calc. for C19H20N2O2: MH+, 309.1598; LCMS m/z 
309.09 [M+H]+. 
 
3,5-Bis{(1E)-2-(4-hydroxyphenyl)ethanyl}-1,2-oxazole 10 
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Prepared from 7 (346 mg, 1.13 mmol) following the same procedure as 4, 10 was isolated as 
yellow oil (41.6 mg, 12 %);1H NMR (400 MHz, methanol-d4) δH 2.75 (4H, m, H-6, H-1, H-7, 
H-2), 4.99 (1H, s, H-4), 6.68 (4H, m, H-3', H-5', H-3'', H-5''), 7.00 (4H, dd, J = 8.38 Hz, H-2', 
H-6', H-2'', H-6''); 13C NMR (100 MHz, methanol-d4) δC 32.9 (CH2, C-1), 34.9 (CH2, C-6), 39.4 
(CH2, C-2), 45.3 (CH2, C-7), 94.9 (CH, C-4), 116.1 (4 × CH, C-3', C-5', C-3'', C-5''), 130.3 (4 
× CH, C-2', C-6', C-2'', C-6''), 132.8 (2 × quat, C-1', C-1''), 133.8 (quat, C-5), 156.4 (2 × quat, 
C-4', C-4''), 156.7 (quat, C-3); IR νmax/cm-1 3321 (OH), 1518 (N-Ocyclic), 1555 (C=CAr), 1379 
(-C-H); HRMS (ESI) Found: MH+, 310.1436. Calc. for C19H19NO3: MH+, 310.1438; LCMS 
m/z 310.14 [M+H]+. 
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Pan PPAR agonists
Virtual screeningThe three peroxisome proliferator-activated receptor (PPAR) isoforms; PPARa, PPARc and PPARd, play
central roles in lipid metabolism and glucose homeostasis. Dual PPARa/c agonists, which stimulate both
PPARa and PPARc isoforms to similar extents, are gaining popularity as it is believed that they are able to
ameliorate the unwanted side effects of selective PPARa and PPARc agonists; and may also be used to
treat dyslipidemia and type 2 diabetes mellitus simultaneously. In this study, virtual screening of natural
product libraries, using both structure-based and ligand-based drug discovery approaches, identified ten
potential dual PPARa/c agonist lead compounds (9–13 and 16–20). In vitro assays confirmed these com-
pounds to show no statistically significant toxicity to cells, with the exception of compound 12 which
inhibited cell growth to 74.5% ± 3.5 and 54.1% ± 3.7 at 50 lM and 100 lM, respectively. In support of their
potential as dual PPARa/c agonists, all ten compounds upregulated the expression of cholesterol trans-
porters ABCA1 and ABCG1 in THP-1 macrophages, with indoline derivative 16 producing the greatest ele-
vation (2.3-fold; 3.3-fold, respectively). Furthermore, comparable to the activity of established PPARa and
PPARc agonists, compound 16 stimulated triacylglycerol accumulation during 3T3-L1 adipocyte differen-
tiation as well as fatty acid b-oxidation in HuH7 hepatocytes.
 2015 Elsevier Ltd. All rights reserved.1. Introduction
Type 2 diabetes mellitus (T2DM) is the most common form of
diabetes mellitus—its clinical presentation manifests as elevated
blood glucose levels, due to insulin resistance and/or defects in
insulin secretion.1 T2DM is a chronic metabolic disease which is
usually associated with obesity, dyslipidemia, and hypertension.2
Patients with T2DM may suffer from loss of vision, strokes, coro-
nary artery disease, renal failure, and nerve damage.3 The global
prevalence of T2DM is increasing dramatically, and it has been
estimated that by 2030 it will affect over 360 million people.4
Peroxisome proliferator-activated receptors (PPARs) belong to
the nuclear receptor superfamily which function as ligand-acti-
vated transcription factors and regulate the expression of specific
genes.5 These target genes are responsible for regulatingadipogenesis, hepatic and adipose lipid metabolism, reverse
cholesterol transport, glucose homeostasis, insulin sensitivity,
and vascular endothelial function.6,7 The three PPAR isoforms,
a, c, and d, are encoded by three distinct genes but share 80%
sequence similarities.8 The isoforms have partially overlapping,
but different, tissue distributions, physiological functions, and
pharmacological activators.9,10 Hence, the members of the PPAR
family are therapeutic targets for a specific cluster of risk factors
collectively known as the metabolic syndrome.
PPARa is predominantly expressed in tissues with high fatty
acid oxidation, in particular the liver, but also in macrophages,
heart, muscle and kidneys.8,11 Agonists of PPARa, such as the
fibrates, for example, fenofibrate 1, and WY-14643 2, (Fig. 1),
exploit the central role of PPARa in lipid and lipoprotein synthesis,
transport and metabolism, glucose homeostasis, and regulation of
inflammation12–14 to manage dyslipidemia. The main pharmaco-
logical benefit of PPARa agonists is a reduction in cardiovascular
diseases, predominantly through the elevation of high density
lipoprotein cholesterol (HDL-C) levels and the stimulation of fatty
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Figure 2. Chemical structures of the most active dual PPARa/c isoflavone
molecules 5–8 identified in previous study.31
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Figure 1. Chemical structures of selective PPARa agonists fenofibrate 1 and WY-14643 2, selective PPARc agonist rosiglitazone 3, and pan PPAR agonist bezafibrate 4.
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effects are primarily attributed to the ability of PPARa to promote
the expression of ATP—binding cassette transporters (ABCA1 and
ABCG1), which increase cholesterol influx into macrophages to
drive reverse cholesterol transport.17–19 In addition, PPARa upreg-
ulates several hepatic enzymes that promote triacylglycerol degra-
dation, which effectively reduces fatty acid accumulation in liver
and lowers triacylglycerol levels in circulating lipoproteins.20,21
PPARc is mainly expressed in adipocytes where it plays a
major role in adipogenesis and triglyceride accumulation and
storage,11–14,22 however, it is also found in skeletal muscle,
pancreatic b-cells, macrophages, intestinal cells and the endothe-
lium.11–13,22 PPARc is also implicated in glucose homeostasis, such
as the enhancement of peripheral glucose uptake and utilisation.23
The activation of PPARc improves insulin secretion and sensitiv-
ity11–14,22 and PPARc agonists, such as the thiazolidinediones, for
example, rosiglitazone 3, (Fig. 1), are of therapeutic importance
in the treatment of T2DM.14,22
Despite the clinical efficacy of selective PPARa and c agonists in
treating dyslipidemia17,24 and T2DM25–28 respectively, their clini-
cal use is limited by their adverse effect profiles. In particular,
PPARc agonists are associated with weight gain, fluid retention,
oedema and myocardial infarctions,14,15,25,27,29 while PPARa ago-
nists are known to cause potentially fatal side effects, such as rhab-
domyolysis and myopathy.17,24 These adverse effects arise mainly
from disparities in the independent up-regulation of each iso-
form.14,22 Considering the beneficial effects of each PPAR isoform,
the concept of simultaneously activating both PPARa and c sub-
types with a single compound, that is, a dual PPARa/c agonist,
has emerged as a potential treatment for T2DM and metabolic syn-
dromes. It is believed that dual PPAR agonists which stimulate both
PPARa and c isoforms to a similar extent would exhibit a more bal-
anced biological profile and thus ameliorate the unwanted side
effects.8,14,30
In our previous study,31 we examined the dual PPARa and c
activity of five classes of flavonoids (flavanones, flavones, isofla-
vones, chalcones, and their pyrazole derivatives) and identified
four of the isoflavones 5–8 (Fig. 2) as the most active dual
PPARa/c agonists. Herein, we extended our study on these four iso-
flavones 5–8, using ligand-based in silico screening technique with
the aim of identifying new isoflavone compounds with improved
properties. We have also performed structure-based drug discov-
ery approaches to identify potential dual PPARa/c agonistic lead
compounds, which are structurally different from fibrates and
TZDs. The evaluation of potential lead compounds in cell-basedassays focused on the ability of the compounds to upregulate
cholesterol transporters ABCA1 and ABCG1 in macrophages as well
as PPARa/c-dependent fatty acid metabolism in adipocytes and
hepatocytes.
2. Methods and materials
2.1. General
All starting materials for the chemical syntheses were commer-
cially available (Sigma–Aldrich, Castle Hill, NSW, Australia) and
were used without further purification. All reactions were per-
formed in oven-dried glassware under a nitrogen atmosphere.
Reactions were monitored by thin layer chromatography on alu-
minium backed plates coated with silica gel (Merck, 60, F254)
and visualised under UV light at 254 nm. 1H and 13C NMR spectra
were recorded at 400 MHz on a Varian Gemini 400 MR (Palo Alto,
CA, USA). Coupling constants (J) are in Hertz (Hz), chemical shifts
(d) are expressed in parts per million (ppm) and reported relative
to residual solvent peaks. Melting points were obtained on a Stuart
Scientific SMP 10. Low resolution mass spectra were obtained on
Thermo Scientific TSQ Quantum Access Max LCMS/MS & TLX1 Tur-
boflow Chromatography System. Infrared spectra were recorded on
Shimadzu FTIR-8400S.
Compounds 9, 10 and 13 were purchased from ChemBridge
Online Chemical Store CA, USA (www.hit2lead.com), while com-
pounds 11, 12, and 17 were purchased from TimTec eChemStore,
DE, USA (www.echemstore.com). All compounds were charac-
terised and checked for purity by 1H NMR spectroscopy prior to
biological testing. Fenofibrate, WY-14643, rosiglitazone and bezafi-
brate were purchased from Sigma–Aldrich and were used without
further purification (Castle Hill, NSW, Australia). 2-Chloro-1-(indo-
lin-1-yl)ethan-1-one 14 was synthesized according to Ref. 32.
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L-glutamine, penicillin, streptomycin and phosphate-buffered
saline (PBS) were purchased from Invitrogen, Life Technologies
(Australia). Dulbecco’s Modified Eagle Medium/F-12 (DMEM/F-12),
low glucose DMEM, and trypsin were purchased from Gibco, Life
Technologies (Australia). Fetal calf serum (FCS), dimethyl
sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT), geneticin, 2-mercaptoethanol, 12-O-
tetradecanoylphorbol-13-acetate and paraformaldehyde (PFA)
were obtained from Sigma–Aldrich (Australia). Mowiol and phor-
bol-12-myristate-13-acetate (PMA) were obtained from Merck,
Calbiochem (Australia). SDS–PAGE molecular weight markers
were purchased from Fermentas (Australia). Rabbit polyclonal
antibodies against ABCA1 and ABCG1 were obtained from Novus
(Australia). Rabbit polyclonal anti-b-actin was purchased from
BD Transduction Laboratories (Australia). Mouse monoclonal
antibody against Carnitine Palmitoyltransferase Ia (CPT1a) was
obtained from Abcam (Australia). Horseradish peroxidase labelled
secondary antibodies were obtained from Cell Signalling
(Australia). Enhanced chemiluminescence reagents and [1-14C]-
oleate were purchased from Perkin-Elmer (Australia).2.2. Molecular modelling
2.2.1. Target protein preparation and receptor grid generation
The X-ray crystal structures of PPARa (1K7L) and PPARc (1FM9)
were retrieved from the RCSB Protein Data Bank (http://www.rcsb.
org/). These protein structures were prepared using protein prepa-
ration and refinement protocols, directed by the Protein Prepara-
tion Wizard embedded in Maestro v9.5 (Schrödinger, LLC, New
York, USA). The process was carried out individually for each pro-
tein by adding hydrogens, assigning bond orders, creating zero-
order bonds to metals, generating disulfide bonds, adding missing
residues/closing loops via Prime v3.2, and deleting water mole-
cules beyond 5 Å from heteroatoms. Next, the appropriate protein
chains and the co-crystallised ligand were chosen, the state penal-
ties were calculated for the native ligand and the structure with
the lowest state penalty value was selected. The hydrogen bond
network was optimised and the protein structure was minimised
to a RMSD (root mean square deviation) of 0.3 Å using the
OPLS_2005 force field.33
The Receptor Grid Generation tool in Glide v4.0 was used to
characterise the binding site for docking studies, using the
structure of the co-crystallised ligand in each receptor as the
centre of a 20 Å3 bounding box. A Coulomb-van der Waals scaling
factor of 1.0 for receptor van der Waals radii was applied to protein
atoms with partial atomic charges less than 0.25 and rotation of
receptor hydroxyl and thiol groups were not allowed. For the
ligands, a van der Waals scaling of 0.8 was applied.33 Where
multiple subunits existed, grid generation was only performed on
a single subunit. For PPARa (1K7L), chain A and its respective
steroid receptor co-activator (chain B) were used.Table 1
In vitro transactivation activity value (EC50) of the isoflavone derivatives identified
from our previous paper31
Compound Transactivation EC50a (lM)
hPPARa hPPARc
5 24.55 18.86
6 8.9 26.94
7 23.1 15.38
8 33.13 22.29
a EC50 value is the concentration of compounds (lM) required for 50% fold
activation of luciferase activity.2.2.2. Ligand preparation
The ligands from the natural product libraries (TimTec and
SPECS, as available in the ZINC database, University of California,
San Francisco, www.zincdocking.org) were used directly without
prior ligand preparation, in the Glide high throughput virtual
screening (HTVS) docking studies; ligand preparation was only
necessary for Glide extra precision (XP) docking studies. Ligand
preparation involved geometry minimisations with MacroModel
v9.1 using the OPLS_2005 force field and water as the solvent, fol-
lowed by LigPrep v2.7 to generate all possible stereoisomers, tau-
tomers, and ionisation states at pH 7.0 ± 2.0. All generated
structures were subjected to ConfGen v2.5 to generate alternativelow energy conformations using Standard ConfGen calculations in
a Fast search strategy.33
2.2.3. Structure-based drug discovery
Ligands from the TimTec and SPECS natural libraries were inde-
pendently docked into the receptor grids of PPARa and PPARcwith
Glide v4.0 using the HTVS scoring function to estimate protein–
ligand binding energies. Hits ranked within the top 100 which
overlapped in both receptor isoforms were considered as dual
PPARa/c agonists and were subsequently prepared and re-docked
into the two receptors with Glide v4.0, using the XP scoring func-
tion to refine binding energy estimates.34,35 For all docking studies,
ligands were docked with flexible states to allow for sampling of
nitrogen inversions and ring conformations, and ligands with more
than 300 atoms or 50 rotatable bonds were not docked.
The selection of potential lead compounds was based on the
refined docking scores, simplicity of the structure and ease of
synthesis, commercial availability, and the suitability of
physico-chemical properties. Docking scores of <10 kcal/mol
were considered to indicate exceptional binding so hits which
demonstrated scores of <10 kcal/mol were favoured as leads. In
addition, hits which displayed balanced docking scores (within
2 kcal/mol of each other) for both receptor isoforms were also con-
sidered to be potential dual PPARa/c agonists. Simple structures
were preferred, as chirality is known to play a crucial role in the
activity of dual PPARa/c agonists and chemically complex
compounds, with stereoisomers with potentially differing activities
are undesirable.36,37 Compounds were also required to be easily pre-
pared or commercially available so they could be readily obtained
for in vitro testing. Hits which satisfied these criteria were then
evaluated for their physico-chemical suitability as potential drugs
using QikProp v3.5 and compounds that satisfied Lipinski’s Rule of
Five38 were considered to be potential dual PPARa/c agonist lead
compounds and were selected for in vitro studies.
2.2.4. Pharmacophore screening in ligand-based drug discovery
For the ligand-based approach to identify new lead compounds
the chemical structures and biological EC50 activities (half maximal
effective concentration) of four known isoflavone dual PPARa/c
agonist 5–8 (Table 1) were obtained from a previous study31 and
used to generate a pharmacophore model for dual PPARa/c ago-
nists using the Develop Common Pharmacophore Hypotheses tool
in Phase v3.4.39 Briefly, this involved preparing the structures of
the isoflavones to generate alternative ionisation states and con-
formers at pH 7.0, followed by the generation of pharmacophore
hypotheses (each with five key functional groups). The pharma-
cophore model with the best survival score was used to screen a
Phase generated 3D database of the TimTec and SPECS natural
libraries for matches using the Advanced Pharmacophore Screen-
ing tool of Phase. The resultant hits were evaluated in a HTVS Glide
docking protocol. Hits with balanced HTVS scores for both PPARa
and PPARc isoforms were further evaluated via XP protocols to
identify potential dual PPARa/c agonist lead compounds for
in vitro studies as described previously.
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Selected positive controls, fenofibrate 1, WY-14643 2, rosiglita-
zone 3 and bezafibrate 4, were built and adjusted for chemical cor-
rectness in Maestro, minimised in MacroModel then, together with
the minimised isoflavone 5–8, derivatives prepared using LigPrep
v2.7 to generate stereoisomers and to assign protonation states
at physiological pH. The conformers were generated for each ligand
with ConfGen v2.5 then docked into the ligand binding domain of
the prepared PPAR structures. Glide with extra precision (XP) was
used to perform the docking study to estimate protein–ligand
binding affinities.
2.3. Chemical synthesis
2.3.1. N-{4-(Diethylamino)phenyl}-2-hydroxybenzamide 15
Salicylic acid (0.50 g, 3.62 mmol) was dissolved in excess thio-
nyl chloride (10 mL) and the mixture was heated at 110 C for 3
h to produce 2-hydroxybenzoyl chloride. A cold solution of 4-
amino-N,N-diethylaniline (0.6 mL, 3.62 mmol) in dichloromethane
(10 mL) was then added dropwise into this mixture, which was
stirred overnight at room temperature. The volatiles were removed
under vacuum and the residues were taken up in water and
extracted with DCM (3  10 mL). The combined organic layers
were then washed with NaHCO3 (15 mL) and brine (15 mL), and
dried over anhydrous Na2SO4. Filtration and reduction of the vola-
tiles under vacuum gave the crude product which was purified by
column chromatography on silica, using EtOAc/hexane (30:70) as
eluent, to give amide 15 as a dark yellow powder (0.54 g, 50%).
mp 101.8–104.7 C. mmax (cm1) 3329 (NH), 2970 (OH), 1519
(C@C). 1H NMR (400 MHz, CDCl3) d 12.05 (1H, s, OH), 7.81 (1H, s,
NH), 7.49 (1H, d, J = 8.4 Hz, CH-6), 7.39–7.43 (1H, m, CH-4), 7.35
(2H, d, J = 8.4 Hz, 2  CHAr), 7.01 (1H, dd, J = 1.2 and 8.4 Hz, CH-
3), 6.86–6.90 (1H, m, CH-5), 6.67 (2H, d, J = 8.4 Hz, 2  CHAr),
3.35 (4H, q, J = 7.2 Hz, 2  CH2), 1.15 (6H, t, J = 7.2 Hz, 2  CH3).
13C NMR (400 MHz, CDCl3) d 168.2 (C@O), 161.8 (quat., C-2),
145.9 (quat., ACArNEt2) 134.2 (CH, C-4), 125.3 (CH, C-6), 124.5
(quat., ACArNHC(O)), 123.7 (CH, 2  CHAr), 118.8 (CH, C-3 or 5),
118.7 (CH, C-3 or 5), 114.7 (quat., C-1), 112.0 (CH, 2  CHAr), 44.5
(2  CH2), 12.5 (2  CH3). MS (ESI) m/z 285.04 (100%) [M+H] +.
Anal. Calcd for C17H20N2O2: C, 71.81; H, 7.09; N, 9.85. Found: C,
71.91; H, 7.15; N, 9.70.
2.3.2. N-{4-(Diethylamino)phenyl}-2-(2-{indolin-1-yl)-2-
oxoethoxy}benzamide 16
2-Chloro-1-(indolin-1-yl)ethan-1-one 14 (0.25 g, 1.28 mmol),
N-{4-(diethylamino)phenyl}-2-hydroxybenzamide 15 (0.37 g,
1.28 mmol), potassium iodide (6.3 mg, 0.04 mmol) and potassium
carbonate (0.18 g, 1.28 mmol) were dissolved in acetone (50 mL)
and the resulting mixture was heated at 60 C overnight. The reac-
tion mixture was cooled down to room temperature and the vola-
tiles were removed under reduced pressure. The residues were
taken up in water (30 mL) and extracted with DCM (3  20 mL).
The combined organic layers were then washed with NaHCO3
(20 mL), the brine (20 mL), dried over anhydrous Na2SO4, filtered
and concentrated. The product was recrystallized from EtOAc to
afford amide 16 as pale yellow crystals (0.3063 g, 54%). mp
197.7–200.7 C. mmax (cm1) 3317 (NH), 1670 (C@O), 1651 (C@O),
1516 (C@C). 1H NMR (400 MHz, CDCl3) d 10.64 (1H, br, NH), 8.26
(2H, m, 2  CHArindolin), 7.82 (2H, d, J = 7.2 Hz, 2  CHAr), 7.39 (1H,
t, J = 7.6 Hz), 7.17–7.25 (2H, m), 7.11 (1H, t, J = 7.6 Hz, CH), 7.05
(1H, t, J = 7.6 Hz, CH), 6.90 (1H, d, J = 8.4 Hz), 6.70 (2H, d,
J = 7.2 Hz), 4.84 (2H, s, ACH2OPh), 4.01 (2H, t, J = 8.0 Hz, CH2indolin),
3.33 (4H, q, J = 7.2 Hz, 2  CH2, ANCH2CH3), 3.24 (2H, t, J = 8.0 Hz,
CH2indolin), 1.48 (6H, t, J = 7.2 Hz, 2  CH3, ANCH2CH3) .13C NMR
(400 MHz, CDCl3) d 164.6 (quat., C@O, ACH2C(O)), 162.5 (quat.,
C@O, benzamide), 155.3 (quat.), 144.8 (quat.), 142.3 (quat.),132.7 (CH), 132.3 (CH), 130.6 (quat.), 128.2 (quat.), 127.8 (CH),
124.7 (CH), 124.5 (CH), 123.7 (quat.), 122.3 (CH), 122.2 (CH,
2  CHAr), 117.14 (CH), 112.65 (CH, 2  CHAr), 112.3 (CH), 66.85
(CH2, ACH2OPh), 46.2 (CH2, CH2indolin), 44.6 (2  CH2, ANCH2CH3),
28.25 (CH2, CH2indolin), 12.6 (2  CH3, ANCH2CH3). MS (ESI) m/z
444.06 (100%) [M+H] +. Anal. Calcd for C27H29N3O3: C, 73.11; H,
6.59; N, 9.47. Found: C, 73.25; H, 6.62; N, 9.57.
Compounds 16 and 18–20 were characterised by single crystal
X-ray diffraction, as described in the Supplementary information.
2.3.3. Cell culture
All cell lines were from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Human embryonic kidney (HEK293)
cells and hepatocarcinoma (HuH7) cells were cultured in DMEM/
F-12, THP-1 monocytes in RPMI-1640, supplemented with 10%
FCS, L-glutamine (2 mM), penicillin (100 U/mL) and streptomycin
(100 lg/mL). THP-1 monocytes were differentiated with 2 nM
TPA for 24 h before treatment with PPAR agonists. The mouse
embryonic fibroblast 3T3-L1 cell line was maintained in low glu-
cose DMEM, 10% FCS, penicillin (100 U/mL) and streptomycin
(100 lg/mL) and then differentiated into adipocytes as described
previously.40
2.3.4. Cell proliferation assay
Cell proliferation was determined using a colorimetric (MTT)
assay according to the manufacturer’s instructions. HEK293 and
THP-1 cells (2  103, in triplicate) were grown in media together
with or without 10–100 lM fenofibrate 1, WY14643 2, rosiglita-
zone 3, bezafibrate 4 and the potential dual PPARa/c agonists
(9–13 and 16–20) for 48–72 h. Cells incubated in 0.2% DMSO
served as a negative control. Cells were incubated with 20 ll of
MTT (5 mg/mL) for 4 h, the media was removed and spectrophoto-
metric absorbance of samples in DMSO was measured at 550 nm
(Microplate Reader, Model 689, Bio-Rad, Hercules, CA, USA) with
a reference filter of 655 nm. All experiments were performed in
triplicate in at least three separate experiments.
2.3.5. Preparation of cellular extracts and Western blot analysis
Cells were incubated with 10–100 lM fenofibrate 1, WY14643
2, rosiglitazone 3, bezafibrate 4 and the potential dual PPARa/c
agonists (9–13 and 16–20) for 24 h. Then cells were harvested in
lysis buffer (20 mM Tris–HCl, pH 7.5, 2 mM EDTA, 100 mM NaCl,
5 mM MgCl2, 1% (v/v) Triton X-100, 5 mM NaF, 10% (v/v) glycerol,
0.5% (v/v) 2-mercaptoethanol, 0.1 mM Na3VO4 and protease inhibi-
tors) as described.19 After centrifugation at 13,000 rpm, the protein
concentration of the cleared cell lysate was determined. Cell
lysates were separated by 12% SDS–PAGE gel and transferred to
Immobilon-P (Millipore). Proteins were detected using their speci-
fic primary antibodies, followed by HRP-conjugated secondary
antibodies and enhanced chemiluminescence detection. ImageJ
software (National institutes of Health, Bethesda, MD, USA) was
utilised to quantify band intensities.
2.3.6. Oil red O (ORO) staining
Differentiated 3T3-L1 adipocytes were grown on coverslips,
incubated with and without rosiglitazone 3 (25 lM) or compound
16 (20 lM) overnight and fixed with 4% PFA. For ORO staining, cells
were washed with 60% isopropanol, incubated with ORO (0.5%
stock diluted 6/4 v/v in H2O) for 10 min, then washed with water.
Coverslips were mounted with Mowiol, and analysed the following
day. Images were taken using a Leica DMI300 B inverted fluores-
cent microscope.41
2.3.7. Measurement of triacylglycerols
Differentiated 3T3-L1 adipocytes were incubated with and
without rosiglitazone 3 (25 lM) or compound 16 (20 lM)
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protein quantification by BCA (Thermo Fisher) while lipid
extraction was performed on the remainder of the lysate by the
addition of 2:1 chloroform/methanol. The dried organic phase was
re-suspended in 100% ethanol and analysed using an enzymatic
colorimetric method (GPO-PAP reagent, Roche Diagnostics).42,43
2.3.8. Fatty acid accumulation and oxidation
HuH7 cells were seeded in triplicate in 6 well plates and treated
overnight with or without 20 lM WY-14643 2 or compound 16.
The following day, the medium was replaced with the assay med-
ium, containing 5 mM ‘cold’ oleate (prepared from stock fatty acid
solutions of 100 mM oleate diluted in 100% ethanol), [1-14C]-oleate
(0.5 lCi/mL) conjugated to 2% (w/v) fatty acid-free BSA in DMEM
with 5 mM glucose and no antibiotics for 4 h. Mitochondrial oxida-
tion was determined from 14CO2 production captured as previously
described.42,43 Cells were harvested in 0.6 mL of ice-cold PBS to
determine 14C-oleate incorporation into intracellular triacylglyc-
erol (esterification) and protein content. Cellular lipids were
extracted by the addition of 2:1 chloroform/methanol and sepa-
rated by TLC using heptane–isopropyl ether–acetic acid (60:40:3,
v/v/v) as developing solvent and 14C activity in the TAG band deter-
mined by scintillation counting.42,43
2.3.9. Statistical analysis
All the results are expressed as means ± standard error of the
mean (SEM). Student unpaired two-tailed t-tests were performedNN
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Figure 3. Potential dual PPARa/c leaon Microsoft Office Excel 2007 to identify statistical significance
and p-values less than 0.05 (p < 0.05) were considered to be statis-
tically significant.
3. Results and discussion
3.1. Structure-based screening results
3.1.1. Ligand binding domains (LBDs) of PPAR receptors
The ligand binding domains of PPARa and PPARc was found to
be very similar, comprising 12 helices arranged in an antiparallel
helix sandwich and 4 standard antiparallel b sheets.44 The binding
site is a large Y-shaped cavity, composed of three parts; entrance
(hydrophobic), arm I (predominantly polar), and arm II (hydropho-
bic).45 PPAR ligands usually have a hydrophobic tail which inter-
acts with the entrance and arm II, and a polar head group which
interacts with arm I.45 Arm I includes helix 12 (the AF2 helix),
which is known to be responsible for PPAR activation.46 The polar
head group forms a network of hydrogen bonds with AF2 which
generates a charge clamp, in turn reducing the mobility of AF2
and regulating gene expression.46 Besides these common features,
there are also some unique features for each receptor due to differ-
ences in LBD amino acid composition (approximately 20%).8 PPARa
is more hydrophobic than PPARc.44
Before the docking-based screening, the ligands bound in the
crystal structures 1K7L (GW409544) and 1FM9 (farglitazar) were
first docked into the corresponding receptors in order to examineH
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d compounds 9–13 and 16–20.
Table 2
Docking scores and key interacting residues of compounds where docked into PPARa (1K7L) and PPARc (1FM9) receptors via extra precision (XP) docking
Compound Docking scorea (kcal/mol) Key interacting residuesb
Receptor Receptor
PPARa (1K7L) PPARc (1FM9) PPARa (1K7L) PPARc (1FM9)
Fenofibrate 1 8.4 8.5 S280 F363, H449
WY14643 2 9.3 11.1 S280, Y31, Y464 H323, H449, S289, Y473
Rosiglitazone 3 9.8 10.9 S280, Y314 H323, Y473
Bezafibrate 4 10.55 10.15 H440, S280, Y314, Y464 F363, L340
5 6.4 8.3 H440 F360, F363, H449, S289
6 7.5 10.0 F351, H440, S280, Y314 H323, F363, H449, S289
7 8.5 9.4 Y314 F363, H323, H449, S289
8 8.2 9.3 E269, S280, F363, H323, H449, S289
9 10.3 9.2 S280, Y314 F363, H449
10 10.3 9.8 S280, Y314 F363, H449
11 11.6 12.9 H440, Y464 F282, F363, H323, H449, S289, Y473
12 10.8 12.7 H440, S280, Y314, Y464 F363, H323, H449, S289, Y473
13 8.65 10.2 F363
16 10.2 12.0 C285, H449
17 8.5 6.6 S280
18 7.9 8.6 H440, Y464 F363, H449, S289
19 7.6 8.2 H440, Y464 F363, H449
20 7.6 8.2 F273, F351, H440 F363, H323, H449
a Docking scores obtained from extra precision (XP) Glide docking as an estimate of the protein–ligand binding energies. The more negative the score, the more favourable
the protein–ligand binding interaction.
b Key interacting residues were obtained from the 2D-Ligand-Interaction function of Maestro v9.3.
Figure 4. Pharmacophore model of isoflavone pan agonists consisting of aromatic
rings (from left to right, A, B, and C), a hydrogen bond donor (blue) on ring A and a
hydrogen bond acceptor (pink) on ring B; A represents hydrogen bond acceptor, D
represents hydrogen bond donor, R represents aromatic ring. Isoflavone pan
agonists used to generate the pharmacophore model are each in a different colour.
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Scheme 1. Synthetic procedure for Compound 16. (i) SOCl2, 110 C, 3 h; then
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of each ligand was successfully recreated, indicating that the dock-
ing method was reliable. As a result of the HTVS protocol, six com-
pounds (9–13 and 16) which were ranked in the top 100 hits for
both receptor isoforms, were chosen for Glide XP (extra precision)
docking into the PPAR receptors. The structures of these potential
dual PPARa/c agonists are illustrated in Figure 3, while the docking
results are reported in Table 2.
3.2. Ligand-based screening results
Surprisingly, in developing the pharmacophore hypothesis,
PPARa and PPARc were found to have the same five hypothe-
ses—ADRRR.1, AAARR.1, AADRR.1, AADRR.2, AARRR.1; A represents
hydrogen bond acceptor, D represents hydrogen bond donor, R rep-
resents aromatic ring. ADRRR.1 (Fig. 4) was selected for virtual
screening of the natural libraries, and another four compounds
17–20 were identified.
The docking scores obtained from Glide XP docking do not cor-
relate directly with the number and type of residue interactions.
For example, compounds 1, 9, 10 and 19 all interact with PPARcN
O
O
O
HN NEt 2
16
4-diethylaminoaniline in DCM; (ii) K2CO3/KI/acetone, 60 C, overnight.
Figure 5. Effects of compounds on HEK293 cell viability. Cell viability is expressed
as % cell growth relative to DMSO 0.2% and all values are given as mean ± standard
error of the mean (SEM) (n = 3), *p < 0.05.
7682 Q. Gao et al. / Bioorg. Med. Chem. 23 (2015) 7676–7684only through p–p interactions with F363 and H449 but their
PPARc docking scores differ greatly (8.5, 9.2, 9.8 and
8.2 kcal/mol, respectively) (Table 2). This difference can largely
be attributed to the vigorous calculation employed by Glide XP
to score protein–ligand binding affinities. This calculation takes
into account residue independent factors, which may also favour
ligand binding such as the displacement of water molecules from
the active site, desolvation effects and entropic effects as a result
of ligand binding. Therefore the Glide XP docking scores provide
better estimates of in vitro efficacies and the key interactingFigure 6. Biological evaluations of compound 16. (A). THP-1 monocytes were differen
indicated. Cell lysates were analysed by Western blotting for ABCA1/G1 protein levels. AB
given as mean ± SEM (n = 3). (B) 3T3-L1 cells were differentiated into adipocytes in the p
and neutral lipid accumulation was stained with ORO. (C) 3T3-L1 adipocytes were inc
determined. (D) HuH7 cells were incubated overnight ± 20 lMWY-14643 2 and 20 lM co
levels, which were quantified and normalised to actin. (E) HuH7 hepatocytes were incub
addition of 14C-oleate for 4 h (see Methods for details). The media and cell lysates w
radioactivity was determined. All values are given as mean ± SEM (n = 3).ligands should only be used as a general guide when developing
structure–activity relationships.
3.3. Synthesis
Compound 16 was synthesised following the strategy depicted
in Scheme 1, involving a Williamson ether coupling of phenol 15
and chloroacetylindoline 14. Compounds 18 and 19 were synthe-
sised using literature methods47–50 and compound 20 was synthe-
sised as previously described, with slight modifications.51
3.4. Cell proliferation assay
In order to address the cytotoxicity of all compounds, an MTT
cell viability assay was performed in the HEK293 cell line, with
growth inhibitory effects investigated at 100 lM. Fenofibrate 1,
WY-14643 2, rosiglitazone 3 and bezafibrate 4 were used as con-
trols, and DMSO (0.2%) acted as vehicle control. Compounds that
led to reduced cell viability were further evaluated at 50 lM
(Fig. 5).
All compounds, with the exception of compound 12, exhibited
no statistically significant effects on HEK293 cell viability. Fenofi-
brate inhibited cell growth to 92.1% ± 1.4 and 53.6% ± 12.7 at
50 lM and 100 lM, respectively, in agreement with previous stud-
ies which reported fenofibrate to have greater impacts on cell
growth than rosiglitazone, WY-14643 and bezafibrate.8,22,31,52
However, the growth inhibition of fenofibrate, WY-14643, rosigli-
tazone and bezafibrate demonstrated in this study (<5% growthtiated with 2 nM TPA for 24 h before treatment with 20 lM of the compounds as
CA1/G1 levels in each lysate were quantified and normalised to actin. All values are
resence of rosiglitazone (25 lM) or compound 16 (20 lM) for 18 h. Cells were fixed
ubated as described in (B) and triacylglycerol concentrations in cell lysates were
mpound 16. Cell lysates were prepared and analysed by Western blotting for CPT1a
ated with and without WY-14643 2 (20 lM) or indoline 16 (20 lM) for 18 h before
ere collected and fatty acid oxidation (14CO2) in the media and cell-associated
Q. Gao et al. / Bioorg. Med. Chem. 23 (2015) 7676–7684 7683inhibition for bezafibrate, rosiglitazone and WY-14643 at 100 lM
concentrations) was less pronounced than has been previously
reported, which may be attributed to differences in cell lines and
the assays employed.8,22,31,52
3.5. Biological evaluations
To address the potential of the compounds 9–13 and 16–20 as
dual PPARa/c agonists, a series of biological evaluations were per-
formed in macrophage, adipocyte, and hepatocyte cell models.
Transcriptional up-regulation of ABC transporters via nuclear
receptors, including PPARa and PPARc, is well established 37,53.
To determine if our compounds had PPAR agonist activity, we first
examined ABCA1 and ABCG1 expression in THP-1 macrophages.
THP-1 monocytes were differentiated with TPA for 24 h before
treatment with 20 lM drugs for additional 24 h. Cell lysates were
prepared and ABCA1 and ABCG1 protein levels were determined
by Western blot analysis. In agreement with published data,
rosiglitazone 3 and bezafibrate 4 induced ABCA1 and ABCG1
expression by 2–4 and upto 10-fold, respectively (Fig. 6A). Simi-
larly to the established pan-PPAR and PPARc agonists, compounds
13 and 16, but not 18 and 19, upregulated ABCA1 and ABCG1 by
approximately 3 to 7-fold in these experiments (Fig. 6A). Com-
pound 16 was selected for further studies because of its’ pro-
nounced ability to upregulate both ABCA1 and ABCG1.
We next examined PPARc-dependent triacylglycerol accumula-
tion during adipocyte differentiation.54,55 Therefore 3T3-L1 cells
were differentiated into adipocytes, as described,40 in the presence
of rosiglitazone (25 lM) or, based on the findings above, com-
pound 16 (20 lM) for 18 h (Fig. 6B and C). Cells were fixed and
neutral lipid accumulation was stained with ORO. Indeed, ORO
staining was substantially enhanced in the presence of rosiglita-
zone as well as compound 16, indicating increased neutral lipid
accumulation (Fig. 6B). In support of this finding, triacylglycerol
concentrations in cell lysates from 3T3-L1 adipocytes were ele-
vated, by approximately 20–30%, in the presence of the PPARc ago-
nist rosiglitazone and compound 16 (Fig. 6C), suggesting that the
biological activity of indoline 16 is comparable to established
PPARc agonists.
Next we analysed PPARa-dependent fatty acid metabolism in
HuH7 hepatocytes. We first examined expression levels of the
PPARa-regulated gene CPT1a, which is involved in fatty acid oxi-
dation.56,57 To compare the ability of fibrates and the indoline 16
to induce CPT1a expression, HuH7 cells were incubated over-
night ± 20 lM WY-14643 2 and 20 lM compound 16. CPT1a pro-
tein levels from whole cell lysates were compared by Western
blotting (Fig. 6D) and shown to be upregulated more than 2-fold
in the presence of WY-14643 2 and compound 16. To further com-
pare the activity of indoline 16 to other PPARa agonists and
enhance fatty acid oxidation, HuH7 hepatocytes were incubated
with and without WY-14643 2 (20 lM) or indoline 16 (20 lM)
for 18 h. The medium was then removed and a medium containing
14C-oleate was added and incubated for additional 4 h. Fatty acid
oxidation levels were measured by determining the amount of
14CO2 present in the media and in cell lysates (Fig. 6E). Indoline
16 substantially increased CO2 production, which was associated
with reduced incorporation of 14C-oleate into intracellular complex
lipids, and is comparable to the effects of WY-14643 2.
4. Conclusions
In summary, the combination of structure-based and ligand-
based virtual screening of natural product libraries identified ten
potential dual PPARa/c agonist lead compounds which are
structurally different to the current selective PPARa and PPARc
agonists. When tested next to established PPARa, PPARc andPan-PPAR agonists, these lead compounds showed no statistically
significant cell-toxicity, while experiments performed in macro-
phage, adipocyte and hepatocyte cell models suggest that com-
pound 16 has comparable biological activity in respect to
cholesterol and fatty acid metabolism. Indeed, compound 16
increased ABCA1 and ABCG1 expression in THP-1 macrophages
(Fig. 6A), elevated CPT1a expression and fatty acid oxidation in
HuH7 hepatocytes (Fig. 6D–E), but also caused increased lipid
accumulation in 3T3-L1 adipocytes (Fig. 6B). However, further
investigations are required in order to establish the effects of these
compounds on cholesterol and fatty acid metabolism in vivo. Addi-
tionally, any adverse metabolic side effects (which so far have lim-
ited the clinical use of PPAR agonists) need to be determined to
identify the therapeutic suitability of PPARa/c agonists.
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Filamenting temperature-sensitive mutant Z (FtsZ), an essential cell division protein in 
bacteria, has recently emerged as an important and exploitable antibacterial target. 
Cytokinesis in bacteria is regulated by the assembly dynamics of this protein, which is 
ubiquitously present in eubacteria. The perturbation of FtsZ assembly has been found 
to have a deleterious effect on the cytokinetic machinery and, in turn, upon cell survival. 
FtsZ is highly conserved among prokaryotes, offering the possibility of broad-spectrum 
antibacterial agents, while its limited sequence homology with tubulin (an essential 
protein in eukaryotic mitosis) offers the possibility of selective toxicity. This review aims 
to summarize current knowledge regarding the mechanism of action of FtsZ, and to 
highlight existing attempts toward the development of clinically useful inhibitors.
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Bacterial cytokinesis
Cell division plays a major role in the life cycle 
of every organism, from unicellular to multicel-
lular entities. Bacteria follow binary fission to 
produce two daughter cells from a mother cell 
(Figure 1) [1]; the division process is a combina-
tion of several synchronized events including 
cell elongation and chromosome duplication 
followed by segregation. Bacterial cell divi-
sion is a highly regulated process, controlled by 
several proteins at different stages of division. 
Filamenting temperature-sensitive mutant Z 
(FtsZ) is the main component of bacterial cell 
division and is conserved in almost all bacterial 
species. FtsZ forms a dynamic ring called the 
Z-ring at the mid cell during division [1,2]. The 
Z-ring serves as a template to recruit other cell 
division regulatory proteins, which bind to the 
Z-ring in a sequential order, leading to the for-
mation of a complete divisome complex, and 
thus orchestrate bacterial cytokinesis.
Role of FtsZ in bacterial division
The FtsZ gene was discovered in the 1970s 
during the investigation of some tempera-
ture-sensitive Escherichia coli mutants which 
were defective in septum formation, became 
filamentous and were unable to grow at 
restricted temperature [3,4]. The ftsZ gene 
was subsequently proposed to be responsible 
for one of the earliest stages in septation, 
with FtsZ being presumed to be responsible 
for an early stage in the constriction process, 
and thus one of the key proteins in bacterial 
cell division [5,6]. Although FtsZ and tubu-
lin do not share high sequence similarity, 
FtsZ does show major structural similarity 
with tubulin (Figure 2), and so is considered 
to be a homolog of tubulin [7].
Like tubulin, FtsZ has a GTP-binding 
motif and the polymerization of monomers 
occurs in a GTP-dependent fashion [13,14]. 
FtsZ monomers start to assemble in head-
to-tail fashion to form protofilament [15]. 
The lateral interaction between these proto-
filaments results in the formation of highly 
bundled Z-ring. GTP hydrolysis leads to cur-
vature of the Z-ring [16,17]. The ring tends to 
depolymerize as the number of GDP-bound 
FtsZ monomers increases in the ring [18].
For reprint orders, please contact reprints@future-science.com
Figure 1. Bacterial cytokinesis. (A) A mother cell which is ready to divide, with FtsZ monomers in the cytoplasm. 
(B) Duplicated nucleoids start to segregate and move to the two poles, creating a space for FtsZ monomers 
to assemble at the mid cell; the Z-ring is formed, which continuously exchanges GDP-FtsZ/GTP-FtsZ with the 
cytoplasm. (C) Finally, the constriction of the Z-ring, along with the cell membrane, leads to the complete division 
of the mother bacteria into two identical daughter cells (the black line represents the cell wall and the ionic 
headgroups of the lipid bilayer of the cell membrane are depicted by circles).
GTP-FtsZ
GDP-FtsZ
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In daughter cells, FtsZ remains as monomers in 
the cytosol; after chromosome duplication and dur-
ing segregation, FtsZ monomers migrate toward the 
mid cell and they start to form short protofilaments. 
After this, several other regulatory proteins come into 
play which leads to the formation of highly dynamic 
Z-ring. The dynamicity of the Z-ring is triggered by 
the exchange of GDP-bound FtsZ monomers with 
GTP-bound FtsZ monomers. The half-life of the 
Z-ring is ∼9 ± 3 s in E. coli [19].
Structure of FtsZ
To date there are 89 structures deposited in the 
Protein Data Bank (PDB [20]). Generated by x-ray 
crystallography, these structures depict considerable 
degrees of variation to one and other, including, the 
spatial conformation of the FtsZ loop system, and 
the length and variations in FtsZ and substrate inter-
actions. When present in the active site of the macro-
molecular structure, these structural variations may 
affect substrate affinity and GTP/GDP hydrolysis.
The major organisms for which FtsZ structures 
have been solved include Staphylococcus aureus (PDB 
3VO8), Bacillus subtilis (PDB 2VAM), Methano-
caldococcus jannaschii (PDB 2VAP), Mycobaterium 
tuberculosis (PDB 1RQ7) and Pseudomonas aeruginosa 
(PDB 2VAW). Compounds which have been cocrys-
tallized within the FtsZ macrostructure include ZipA 
(PDB 1F47), SulA (PDB 1OFU), PC190723 (PDB 
3VOB), guanosine-5´-diphosphate (PDB 3VO8) and 
guanosine-5´-triphosphate γ-monothiophosphonate 
(PDB 3WGN).
FtsZ, a protein of a relative molecular mass 
of 40,000 [10], is a GTPase that binds to GTP/
GDP in the presence of potassium and magnesium 
ions [21,22]. As mentioned previously, the structure of 
FtsZ is remarkably similar to that of tubulin and it is 
known to be a prokaryotic homolog of the cytoskel-
eton protein [7,23]. Despite their resemblance in struc-
ture, FtsZ and tubulin share a low-protein sequence 
homology of around 10–18% [21,24]. The structure 
of FtsZ consists of a GTPase or N-terminal domain 
and also a C-terminal region (Figure 2) [10,23]. A con-
necting core helix H7 is situated between the two 
domains and consists of 23 residues in total. The 
GTPase domain includes six strands of parallel β 
sheets (helices H1–H6 and strands S1–S6) sur-
rounded by two and three helices on either side, in 
a Rossman fold topology [13,25], a structural feature 
which is common to both FtsZ and tubulin [26]. The 
C-terminal domain has four strands of β sheets with 
two helices on one side and one helix on the other 
Figure 2. Filamenting temperature-sensitive mutant Z is a Tubulin homolog. (A) Crystal structure of FtsZ from 
Staphylococcus aureus (GDP [yellow] shown in CPK, Ca++ ion in gray) (Protein Data Bank 3VO8) [8]. (B) Refined 
model of α–β Tubulin heterodimer (GTP [green], GDP [yellow] and docetaxel [ball and stick] shown in CPK) (PDB 
1JFF) [9]. In both images, the H7 (cerise) and H6 helices (salmon) and the T7 loop (orange) are highlighted. (C) 
Close up of the N-terminal GTPase domain of FtsZ from Methanocaldococcus jannaschii, showing the GTP-binding 
regions (T1-T6) and GDP (ball and stick) [10]. All PDB images were generated in RCSB Protein Workshop [11,12].
T5
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side (helices H8–H10 and strands S7–S10), and 
c onsists of residues 228–356 [10,13].
GTP/GDP-binding site, GTP hydrolysis & Z-ring 
assembly
All residues of the N-terminal domain and the core 
helix are involved in nucleotide binding; in particu-
lar, six distinctive regions within FtsZ are involved [10], 
including four tubulin loops and also two areas where 
the guanine and ribose moieties bind. Specifically, the 
main nucleotide-binding site involves loops T1–T7 
(Figure 2C). Loop T1 is known to interact with the 
phosphates (interacting FtsZ residues: Gly47, Gly48 
and Ala49) and guanine base (interacting FtsZ resi-
dues: Asn51 and Thr52) [13]. Both loops T2 and T3 
interact with the β and γ phosphates of the nucleotide 
(T2 interacting residues: Asn70, Thr71, Asp72 and 
Gln75; T3-interacting residues: Gly96, Ala97, Gly98 
and Gly99). Loop T4 has the tubulin signature motif, 
GGGTGS/TG, which is fully conserved in all tubu-
lins and FtsZs and is known to be involved in the main 
chain interaction with the α and β phosphates. Loop 
T5 contains some important residues for ribose bind-
ing, such as Thr159, Pro161, Phe162, Glu165 and Arg 
169. Loop T6 possesses Asn192 which interacts with 
the guanine base via hydrogen bonding and is con-
served in both FtsZ and tubulin. In order for polymer-
ization to occur, the T7 loop in one subunit is inserted 
into the nucleotide-binding pocket of another [10]. A 
critical residue in Loop T7, Asp238, is found to pre-
vent GTP hydrolysis if mutated to Ala without affect-
ing nucleotide binding. [27] In another mutational 
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study, the mutation of Asn207, Asp207 and Asp212 in 
this loop was shown to severely affect GTP hydroly-
sis, suggesting that these residues are located near the 
γ-phosphate of the GTP [28]. The guanine base also 
interacts with Phe208 in the core helix H7 via hydro-
phobic interaction [13]. Another two critical residues, 
Glu83 and Arg85, located in the bend of helix H3 
are also important for FtsZ polymerization which is 
known to induce GTPase activity where FtsZ polym-
erizes when GTP is bound and depolymerizes if GTP 
is removed [29,30].
GTP hydrolysis is vital as it regulates FtsZ polym-
erization [18]. It has been observed that the presence 
of GTP favors a straight conformation of the FtsZ 
protofilaments, whereas GDP favors the formation of 
curved protofilaments [31]. It had been suggested that 
GTP hydrolysis may provide the energy required to 
generate the Z-ring constriction in cytokinesis [32], but 
what drives it is still a matter of debate [33–36]. Romberg 
and Mitchison investigated GTP hydrolysis in E. coli 
FtsZ and found it to be the rate-limiting step in GTP 
turnover [37]. At steady state, approximately 80% of 
FtsZ polymeric units were bound to GTP and phos-
phate was rapidly released, implying that the energy 
from GTP hydrolysis was also rapidly dispersed and 
not stored, that is, the FtsZ polymers, unlike tubu-
lin [38], are unlikely to store the energy required for 
constriction of the cell envelope. Erickson et al. have 
suggested that the switch from a straight protofilament 
(with GTP) to a curved filament (with GDP) may be 
responsible for this constricting force [31,39].
The results from a recent large-scale atomistic simu-
lation were performed to understand how the nucleo-
tide regulates the assembly of FtsZ filaments [17] suggest 
that divalent magnesium mediates the interaction of 
T7 loop of one FtsZ monomer with a nucleotide bound 
to another FtsZ monomer. This interaction locks the 
nucleotide-binding pocket at the intermonomer inter-
face and initiates GTP hydrolysis. The S. aureus FtsZ 
structure, in which the crystal packing exhibited a 
straight filament shows an open-cleft monomer [40,41], 
giving insights into the conformational switch to the 
high-affinity state that enables polymer assembly, in 
agreement with the large-scale atomistic simulations 
study [17].
A root-mean-square deviation analysis of all avail-
able FtsZ structures has been undertaken to highlight 
conformational changes among the various organisms. 
Using P. aeruginosa FtsZ as a reference, and aligning 
the structures by generating average Cα positions for 56 
key residues in the core secondary structural elements 
of the highly conserved N-terminal domain, allowed 
the detection of subtle shifts in the positions of the N- 
and C-terminal domains. By comparing the structures 
of M. jannashchii in different nucleotide states (GDP-
bound, 1FSZ; GTP-bound mutant 1W5E) these work-
ers concluded that there is no change in the interdo-
main angle of the monomer as a result of differences in 
the nucleotide state [34]. There was also no significant 
difference between the P. aeruginosa FtsZ-Sul A com-
plex (1OFU) and the SulA free P. aeruginosa structure 
(2VAW), suggesting that SulA prevents FtsZ polym-
erization by blocking the protofilament interface, not 
through the induction of any conformational change. 
This single organism and interorganism comparative 
analysis suggests that the conformation of FtsZ is due 
to domain orientation differences between different 
species, as illustrated by the differences in rotation 
angle and ruled out the presence of two interconvert-
ible (straight and curved) forms. The slight differ-
ences in the position of helix H7, and the fact that the 
conserved Asp residue in this helix forms a hydrogen 
bond with the guanosine results in slightly different 
orientations for the nucleotide [34].
The complex structure of the Z-ring is accomplished 
through the action of a number of division proteins 
which come into play at different stages of the cell divi-
sion; one of the roles of FtsZ is to recruit these proteins 
to the septum [42] and they regulate the positioning 
of Z-ring at the mid cell and direct the initiation of 
Z-ring formation. Some of these proteins promote FtsZ 
polymerization, some destabilize the assembly of FtsZ 
filaments (Supplementary Figure 1), and some help to 
initiate the cell membrane constriction. Some of the 
regulators play a critical role in the early stages of cell 
division. They induce polymerization of FtsZ mono-
mers and stabilize the Z-ring and are known as posi-
tive regulators. For example, the actin related proteins 
FtsA, ZipA and SepF (which is conserved in Gram-
positive bacteria [43]) promote the assembly of FtsZ as 
well as tethering FtsZ to the lipid membrane [44–46]. 
SepF and ZapA-D play a major role in regulating the 
Z-ring dynamics during early and mid stage of cell 
division and septum formation [47–50]. SepF, ZapA 
(from B. subtilis, with orthologs in many species such 
as E. coli) and ZapB are known to induce polymer-
ization of FtsZ by increasing the lateral i nteraction 
between FtsZ protofilaments.
Negative regulatory proteins inhibit FtsZ polym-
erization. For example, SulA, EzrA, MciZ, UgtP and 
ClpX inhibit the assembly of FtsZ. MciZ, UgtP and 
SulA are expressed under certain physiological condi-
tions; UgtP plays a crucial role in cell division by delay-
ing Z-ring formation until the cell reaches to a particu-
lar length [51]. MciZ is expressed during the sporulation 
of B. subtilis cells and inhibits FtsZ assembly [52]. SulA 
is an SOS protein, which expresses upon DNA damage, 
it inhibits the initiation of FtsZ polymerization unless 
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the DNA is repaired and properly duplicated [53]. EzrA, 
also known as extra Z-ring A, inhibits FtsZ polymer-
ization and controls the proper positioning of Z-ring 
formation [54]. The concentration of Min proteins is 
highest at the poles and lowest at mid cell; they inhibit 
FtsZ assembly at the poles and thereby restrict the for-
mation of Z-ring at the poles [55,56]. MinC, a compo-
nent of this system (E. coli) helps to prevent aberrant 
division at the cell poles [57]; MinC is an inhibitor of 
FtsZ polymerization, and is involved in the formation 
of a zone in which the Z-ring cannot assemble [58]. Cell 
division over the nucleoids is prevented from occur-
ring by B. subtilis nucleoid occlusion protein (Noc) and 
E. coli SlmA [59].
FtsZ inhibitors
As mentioned previously, FtsZ and its mammalian 
counterpart, tubulin, share a close structural homol-
ogy. Tubulin is, of course, the molecular target for 
the taxane (e.g., paclitaxel [Taxol] and docetaxel) and 
vinca alkaloid (e.g., vincristine and vinblastine) anti-
cancer agents, and colchicine, which can be used in 
the treatment of acute gout, all of which exhibit potent 
inhibition through binding to well-characterized sites 
on tubulin. All of this provides great promise for the 
search for potent FtsZ inhibitors which can be devel-
oped into new classes of antibacterial agent and is prob-
ably one of the reasons why so much global research has 
focused on this target. Other strong reasons for target-
ing FtsZ include the relatively low sequence homology 
with its mammalian counterpart tubulin, the fact that 
it is ubiquitous in bacteria and plays such a pivotal role 
in prokaryotic cytokinesis (offering the promise of a 
broad-spectrum inhibitor), it is not present in eukary-
otes (offering the promise of selective toxicity) and 
the relative paucity of other new targets for se lective 
bacterial toxicity.
This potential for potent FtsZ inhibitors has, thus 
far, been unmet, with no compounds described thus 
far having come close to the nanomolar potency of the 
agents which target tubulin. Indeed, very few com-
pounds have even low micromolar activity and doubts 
remain as to the true mechanism of action of many 
of the small molecules so far described. For example, 
Foss et al. have demonstrated that small molecules 
which disrupt bacterial membrane function (such 
as cinnamaldehye, totarol and sanguinarine) pro-
duce similar phenotypes to FtsZ inhibitors. [60] The 
druggability of regions of this protein is also a mat-
ter for debate; Kozakov et al. have used the FTMap 
algorithm [61] to characterize the ligand-binding hot 
spots of the ZipA/FtsZ protein–protein interaction 
and concluded that this interface is not a druggable 
target [62].
One of the key components of any drug discovery 
program, the assays to determine the biological effi-
cacy, appear to be well established but the precise role 
of agents targeting FtsZ is often not sufficiently well 
established. Examples of commonly employed assays 
are a cell-based assay for inhibitors of the discovery 
of cell division inhibitors [63], malachite green deter-
mination of phosphate release during the turnover 
of GTP to GDP for the inhibition of GTPase activ-
ity [64], monitoring FtsZ assembly using light scatter-
ing [65,66], examination of cell morphology by differ-
ence interference contrast microscopy to determine the 
effect of agents on bacterial cell filamentation [64,67], 
bacterial growth inhibition and in vivo efficacy in a 
murine septicaemia model [64], (Table 1). For exam-
ple, GTPase assays in the presence and absence of the 
neutral detergent Triton X-100 have been proposed in 
order to distinguish between specific and nonspecific 
(aggregation-based) ligand effects [35,68], but other 
research has shown that this detergent inhibits the 
assembly of both B. subtilis and E. coli FtsZ, casting 
doubt on its use in this regard [69]. To date, no com-
pound has displayed sufficiently robust activity, either 
as an inhibitor of cross-species FtsZ or as a potent anti-
bacterial agent. In this regard, research, such as that by 
Shaw and coworkers [68] which compares the activity 
of compounds which have been reported to be FtsZ 
inhibitors, and which aims to classify them in terms 
of mechanism of action, is invaluable. When coupled 
with any structure–activity relationship (SAR) stud-
ies, and an appraisal of the drug-like character of lead 
compounds, such studies should greatly facilitate the 
discovery and development of candidates for further 
medicinal chemistry optimization.
Synthetic hits & leads
3-Methoxybenzamide & PC190723
The compound which has stimulated the most 
interest in FtsZ inhibitors is PC190723 1 
(Figure 3 & Table 1), a pyrido[2,3-b]thiazole which 
originated from a medicinal chemistry program 
based upon 3-methoxybenzamide 2 [64,65]. As a result 
of it targeting FtsZ, PC190723 is a potent inhibitor 
of the proliferation of S. aureus (MIC 1 μg/ml). The 
in vivo efficacy of PC190723 was demonstrated in a 
mouse septicaemia model (ED
50
 7.3 mg/kg for subcu-
taneous administration), with a single subcutaneous 
dose of 30 mg/kg resulting in a 100% survival rate 
in mice which had been administered a potentially 
lethal dose of S. aureus [64]. The 2 Å crystal struc-
ture of S. aureus FtsZ–GDP–PC190723 shows that 
PC190723 1 is enclosed in a mostly hydrophobic 
environment as a results of its binding in a narrow 
pocket within a deep cleft formed by the C-termi-
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Figure 3. PC190723 and analogues.
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nal half of the H7 helix, T7 loop and C-terminal 
4-stranded beta sheet (Supplementary Figure 2). It has 
been proposed that the optimal PC190723-binding 
pocket exists when FtsZ is bound to a nucleotide and 
polymerized [77], and PC190723 has been described 
as an FtsZ polymer-stabilizing agent which induces 
filament assembly [65].
Drug resistance mapping analysis showed that all 
resistant isolates had utations which mapped to the 
FtsZ gene; 50% resistant MSSA and 90% resistant 
methicillin-resistant S. aureus (MRSA) isolates had 
mutations at Gly 193 (G193D) or Gly196 (G196A, 
G196C, G196), with even a relatively minor mutation 
(G196A) completely blocking the entry of PC190723 
1 to its binding site [41].
In order to investigate the reduced efficacy of the 
PC190723 class of agents on Gram-negative spe-
cies, Pilch and coworkers investigated the binding 
pocket for these agents using computational and 
mutational studies. Two key residues were identi-
fied – PC190723-sensitive bacteria have a valine at 
position 307 (V307) and histidine (H33) (S. aureus) 
or glutamine (N33) (B. subtilis) at position 33. In 
resistant enterococcal and streptococcal species, the 
corresponding FtsZ residues are glutamic acid (E34) 
and arginine (R308), which these workers reason can 
form a salt bridge, thus preventing the binding of 
these agents [78].
When S. aureus was grown on a medium containing 
PC190723 (8 × MIC), the frequency of spontaneous 
resistance mutants was 3 × 10-8 (which is borderline 
for the development of a new antimicrobial agent), 
but pairing with the clinical breakpoint of imipe-
nem (4 mg/ml) reduced the high frequency of resis-
tance (FOR) of PC190723 and restored the efficacy 
of imipenem [41]. Based upon the size constraints of 
the PC190723-binding pocket, Tan et al. concluded 
that the FOR to PC190723 (mostly due to the resi-
dues surrounding this pocket) would be unlikely to 
be overcome through chemical modifications to the 
drug structure [41].
The prodrug TXY541 4 has greatly enhanced 
solubility and in staphylococcal growth medium con-
verts to PC190723 1, with a half-life of 8 h (3 min 
in mouse serum). This prodrug exhibited antistaphy-
lococcal activity and, importantly, was also orally 
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bioavailable (29.6%) [79]. The Mannich base prodrug 
TXY436 6 also exhibits enhanced solubility, converts 
to PC190723 at physiological pH with a half-life 
of 18.2 min, and, unlike PC190723 itself, is orally 
active against systemic MSSA and MRSA infections 
in mice, with 4/6 mice surviving an MRSA infection 
after treatment (192 mg/kg) [70]. Pilch and coworkers 
reasoned that resistance to PC190723 in Gram-nega-
tive species may, in part, be due to the resistance-nod-
ulation-cell division-type efflux pump, AcrAB. The 
combination of an inhibitor of this pump, Phe-Arg-
β-naphthylamide (PAβN) and PC190723 1 was bac-
tericidal to E. coli and K. pneumoniae, thus support-
ing this hypothesis, and resulted in a characteristic 
filamentous morphology [80].
In an attempt to further improve the ADME/phar-
macokinetic properties of the pyrido[2,3-b]thiazole 
series and to hopefully reduce the required oral doses, 
Pilch and coworkers prepared the prodrug TXA709 
5, which was designed to avoid the dechlorina-
tion/oxygenation undergone by PC190723 prodrugs. 
This prodrug is converted to the active form 3, with 
a 6.5-fold longer half-life and has three-fold greater 
oral bioavailability [81]. Treatment with an oral dose 
of TXA709 5 (120 or 160 mg/kg) resulted in a ∼2-log 
reduction (relative to control) in bacterial colony 
forming units in the mouse thigh MRSA infection 
model.
An analogue 7 (Figure 3), containing the same 
2,6-difluorobenzamide moiety as PC190723, but 
with a phenyl-substituted oxazole group replacing the 
pyrido[2,3-b]thiazole group, [82,83] is a potent anti-
staphylococcal agent (mean IC
50
 0.12 μg/ml), inhib-
ited an S. aureus strain with the G196A mutation and 
had an FOR of ∼10-9 [82]. In order to overcome limita-
tions due to solubility, a prodrug ester 8 was prepared, 
which was rapidly metabolized to 7 in vivo and allowed 
administration of doses up to 100 mg/kg. Unlike 
PC190723, this prodrug was efficacious in a murine 
S. aureus thigh infection model, with a >99.9% reduc-
tion in the number of infected cells recovered after the 
administration of three 100 mg/kg doses [82].
Valoti and coworkers have used the modification 
of these benzamide-containing inhibitors as a basis 
for the design of other heterocycles targeting FtsZ 
(Figure 3). Retention of the 2,6-difluorobenzamide 
portion led to a series of benzodioxane-containing 
antibacterials 9, the (S)-isomer of the most potent of 
which (9c) had a therapeutic index >1600 (S. aureus 
MIC 0.25 μg/ml; MBC 0.5 μg/ml; lung MRC-5 cells 
TD
90
 800 μg/ml); growth of S. aureus in the presence 
of the chloro derivative led to a significant increase in 
cell volume, which these workers proposed is due to 
interference with normal FtsZ function [84].
Benzimidazoles
The anthelmintics albendazole and thiabendazole are 
known to inhibit the assembly of microtubules and 
thiabendazole has been found to induce elongation of 
E. coli cells and cyanobacteria [85]. This finding trig-
gered the suggestion that the benzimidazole backbone 
may serve as a template for the design of antibacterial 
agents [86,87].
Several trisubstituted benzimidazoles have previ-
ously been found to be effective against M. tuberculosis 
H37Rv strains [88]. Initial SAR studies indicated that a 
cyclohexyl group at the C2 position and diethylamino, 
dimethylamino or pyrrolidine group at the C6 position 
are crucial for antibacterial activity. A number of these 
compounds have been found to inhibit the growth of 
M. tuberculosis H37Rv with an MIC value ≤5 μg/ml, 
with nine compounds having MIC values between 
0.5 and 6.1 μg/ml. Recently, a series of 2-cyclohexyl-
5-acylamino-6-N,N-dimethylaminobenzimidazoles 
derivatives has been synthesized and two, SB-P17G-
A20 10d and SB-P17G-C2 10c (Figure 4), have been 
found to be most effective against clinically patho-
genic strains of M. tuberculosis, with MIC values 0.16 
and 0.06 μg/ml, respectively [89]. SB-P17G-C2 10c 
has been found to be highly labile in the presence of 
mouse and human liver microsomes in comparison to 
SB-P17G-A20 10d, indicating that it has more accept-
able physicochemical properties. In a combination 
assay, in which SB-P17G-A20 10d was administered 
along with rifampicin, the growth of M. tuberculosis 
was reduced significantly, suggesting that these drugs 
could be used in combination to treat M. tuberculosis. 
Additionally, SB-P17G-A20 has been found to inhibit 
the polymerization of FtsZ In vitro.
In separate studies [88,90], SB-P3G2 10b, SB-P8B2 
10a, SB-P17G-C2 10c, SB-P17G-A20 10d and SB-
P20G3 10e (Figure 4) have been tested for their effi-
cacy to inhibit the growth the clinical isolates of drug-
sensitive and drug-resistant strains of M. tuberculosis. 
These compounds display MIC values ranging from 
0.06 to 1.25 μg/ml and have been found to inhibit the 
polymerization of FtsZ In vitro. In addition, SB-P3G2 
10b increases the GTPase activity of FtsZ, suggest-
ing that the compound might increase the instability 
of FtsZ filaments. SB-P3G2 10b and SB-P8B2 10a 
inhibit the growth of M. tuberculosis by 71 and 59%, 
respectively under low oxygen pressure indicating their 
potential efficacy against latent TB infection. Further, 
SB-P3G2 10b and SB-P17G-A20 10d reduces the bac-
terial population in immune competent mouse model 
significantly. Benzimidazole derivatives can thus be 
used as a platform to discover effective antitubercular 
drugs against several drug-sensitive and drug-resistant 
pathogenic strains of M. tuberculosis [91].
Figure 4. Miscellaneous heterocyclic filamenting temperature-sensitive mutant Z inhibitors.
10a R1 = cyclohexyl, R2 = pyrrolidyl, R3 = OCH2(CH2)2Me
10b R1 = cyclohexyl, R2 = NEt2, R
3 = OCH2(CH2)2Me
10c R1 = cyclohexyl, R2 = NMe2, R
3 = OCH2(CH2)2Me
10d R1 = cyclohexyl, R2 = NMe2, R
3 = 4-CF3OC6H4
10e R1 = cyclohexyl, R2 = NMe2, R
3 = 4-EtC6H4
10f R1 = 2-thienyl, R2 = H, R3 = 4-(2'-butyl)C6H4
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Using a cell-based screening assay, a recent study 
has identified the thienyl-substituted benzimidazole-
4-carboxamide (BT-benzo-29) 10f as a potent antibac-
terial agent from a library of benzimidazoles (Figure 4 & 
Table 1) [67]. BT-benzo-29 10f-induced filamentation in 
B. subtilis 168 cells and inhibited the growth of B. subti-
lis 168 cells, with an MIC value of 8 μM. BT-benzo-29 
10f significantly increases the length of B. subtilis 
cells, disturbs the localization of several cell division 
regulatory proteins such as SepF, ZapA and FtsA on 
the Z-ring and perturbs the Z-ring formation in these 
cells. BT-benzo-29 10f neither suppresses the synthesis 
and segregation of nucleoids nor detectably perturbs 
the membrane integrity in B. subtilis cells. In vitro 
BT-benzo-29 10f has been found to reduce the assem-
bly and bundling of FtsZ filaments. Further, BT-
Benzo-29 reduces the GTPase activity of FtsZ (40 μM 
BT-benzo-29 reduced the GTPase activity by 74%). 
BT-benzo-29 10f interacts with FtsZ In vitro with a 
dissociation constant of 24 ± 3 μM. Site-directed muta-
genesis and docking analysis indicated a putative-bind-
ing site of BT-benzo-29 on FtsZ near the C-terminal 
and involving amino acid residues Asp199, Thr203, 
Pro204, Gly205, Leu206, Asn208, Leu270, Ser271, 
Leu272, Val275, Ser296, Val297, Ile298 and Glu300. 
In addition, BT-benzo-29 10f displays a weak effect 
on the Tubulin assembly and much greater inhibitory 
activity against bacterial cells than mammalian cells.
Sulfonamides
Kinjo and coworkers have fragmented S. aureus FtsZ 
into its N- and C-terminal portions and fused these 
to green fluorescent protein and mCherry (red fluores-
cent protein), respectively; the inhibition of the GTP-
dependent head-to-tail dimerization of each fragment 
could then be monitored by fluorescence cross-correla-
tion spectroscopy. Only those compounds which had 
an inhibitory effect even in the presence of GTP (low 
cross-correlation amplitude) were deemed to be ‘true 
hits’. After an initial high-throughput virtual screen 
of approximately 210,000 compounds from the Open 
Innovation Centre for Drug Discovery (The Univer-
sity of Tokyo), the top 500 compounds were selected 
and evaluated by fluorescence cross-correlation spec-
troscopy, with the binding of the top six to S. aureus 
FtsZ being confirmed by surface plasmon resonance 
and their dissociation constants (Kd) determined. 
The compounds were weak inhibitors, with the most 
potent being the N-(dihydro-[1–2,4]triazolo[1,5-a]
pyrimidinyl)sulfonamide 11 (Figure 4), which resulted 
in 89% inhibition (100 μM) and which had a Kd of 
24.5 μM [92].
A sulfonamide 12 (Figure 4) was also the most 
potent compound identified by a screen of a 20,000- 
strong compound library containing both synthetic 
compounds (Enamine, Ukraine) and natural products 
(Institute of Medicinal Biotechnology, Chinese Acad-
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emy of Medical Sciences). The sulfonamide 12 was a 
potent inhibitor of M. tuberculosis FtsZ GTPase (IC
50
 
9.34 μM) and demonstrated anti-TB activity against 
a range of wild type and extensively drug-resistant 
strains (MIC 4.4–35.2 μM), with reduced effect 
on Gram-positive or negative organisms (MIC >70 
μM) [93].
Pyrimidine-substituted quinuclidines
Wong and coworkers [94] identified a new class of FtsZ 
inhibitors bearing the pyrimidine–quinuclidine scaf-
fold from structure-based virtual screening of a natural 
product library, by docking in the GTP-binding site 
of the crystal structure of M. Jannaschii FtsZ. The 
most potent compound, quinuclidine 13a (Figure 4) 
(GTPase IC
50
 = 37.5 μM) was found to be a slightly 
more potent GTPase inhibitor than the commercially 
available FtsZ inhibitor totarol (IC
50
 = 40.8 μM). This 
quinuclidine 13a exhibited stronger antibacterial activ-
ity against E. coli (MIC = 49.2 μM) than totarol (MIC 
>1397 μM) but was a weaker inhibitor of S. aureus 
growth than totarol, MIC = 24.6 μM and 5.3 μM, 
respectively. Totarol is known to strongly inhibit the 
proliferation of a wide range of Gram-positive bacteria 
while it does not display a significant antiproliferative 
activity against Gram-negative bacteria [95,96]. In order 
to exhibit selective inhibition of FtsZ over Tubulin, 
compounds targeting the GTP-binding site of FtsZ 
should ideally be devoid of interactions with the Tubu-
lin GTP-binding site. Fluorescence microscopy, after 
incorporation of a fluorescent reporter (DAPI) into the 
microtubules, was thus used to monitor the effect on 
bovine brain Tubulin polymerization; quinuclidine 
13a (500 μM) had a similar effect to the untreated 
control, suggesting that it is selective for FtsZ over 
Tubulin [94].
Although it has modest antibacterial activity, the 
related furan-containing quinuclidine 13b exhibited 
synergism with ampicillin, methicillin or imipenem 
against MRSA strains, inhibited the polymerization of 
FtsZ (by 30% at 50 μM) and produced a reduction 
(from 93% at 0 μM to 24% at 50 μM) in the number 
of E. coli cells with Z-rings [97].
Shaw and coworkers have identified zantrin Z3 14a 
(Table 1) as a useful lead for the development of cross-
species FtsZ inhibitors; zantrin Z3 is an inhibitor of 
both E. coli (Gram-negative) and B. subtilis (Gram-
positive) FtsZs, whose activity is a result of FtsZ 
GTPase inhibition rather than via the formation of 
aggregates. [68] They then prepared a limited number 
of analogues, showing that the para substituent on the 
2-styryl group is optimally chloro or bromo, and that 
simple (dialkylaminoethyl)amino substituents were 
preferred at position 4 (Table 2) [68].
Building on this study, Shaw and coworkers 
have used zantrin Z3 14a as a lead to develop other 
benzo[g]quinazolines 14 and quinazolines 15 (Figure 4 
& Table 3); the 2-(4-chlorostyryl) fragment is essential 
for activity in both series, while activity in the quinazo-
lines was dependent upon the presence of a small sub-
stituent at the position [98]. The most active GTPase 
inhibitors contained a short quaternary ammonium 
side-chain at the 4-position, with the TFA salt of the 
ethylenediamine-substituted benzo[g]quinazoline 
being the most potent inhibitor of E. coli FtsZ reported 
thus far.
Natural product-derived inhibitors
Taxanes
Paclitaxel 16a and docetaxel 16b (Figure 5) are well-
known anticancer drugs which bind to β-tubulin and 
promote the assembly of microtubules In vitro [99], so 
it was hypothesized that the taxanes may inhibit bac-
terial proliferation by targeting FtsZ assembly. Pacli-
taxel and docetaxel do not inhibit bacterial prolifera-
tion but several attempts have been made to prepare 
antibacterial taxanes with reduced efficacy against 
mammalian cells. For example, Huang et al. screened 
120 taxanes for their activity against pathogenic M. 
tuberculosis [100].
A number of the compounds were found to exhibit 
antituberculosis activity and subsequently a further 
series of compounds were screened for their activity 
against drug-resistant and drug-sensitive M. tubercu-
losis strains [100,101], with SB-RA-2001 17 (Figure 5 & 
Table 1) identified as an effective antitubercular agent.
In vitro, SB-RA-2001 17 promotes the assembly of 
FtsZ (Table 1); electron microscopy reveals that the 
compound induces bundling of the FtsZ polymers. 
SB-RA-2001 17 stabilizes FtsZ filaments against dilu-
Table 2. Benzo[g]quinazoline filamenting temperature-sensitive 
mutant Z GTPase inhibitors 14.
Compound 14 (X = NH) R1 R2 IC50 (μM)
a (Zantrin Z3) (CH2)2NEt2 Cl 20
b (CH2)2NEt2 F 30
c (CH2)2NEt2 Br 16
d (CH2)2NEt2 H 46
e (CH2)2NEt2 Me 80
f (CH2)2NMe2 Cl 12
g (CH2)2
iPr Cl >64
h (CH2)2–1-piperidinyl Cl 20
i (CH2)2–1-pyrrolidyl Cl 30
j (CH2)2–1-morpholinyl Cl >64
Data taken from: [68].
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tion-induced disassembly and has been found to bind 
to FtsZ with a dissociation of 29 ± 2 μM. SB-RA-
2001 inhibits the growth of B. subtilis 168 cells and 
Mycobacterium smegmatis mc2155 cells, with IC
50
s of 
20 ± 1 and 18 ± 1 μM, respectively. Treatment with 
SB-RA-2001 also increases the length of bacterial 
cells; SB-RA-2001 perturbs the Z-ring formation at 
the mid cell in Bacillus subtilis 168 cells without per-
turbing chromosome segregation. As the Z-ring acts 
as a platform to recruit other cell division accessory 
proteins, perturbation of the Z-ring localization indi-
cates that this compound may affect the localization 
of other FtsZ regulatory proteins. DivIVA localizes at 
the mid cell as well as at the two poles; SB-RA-2001 
17 perturbs the localization of DivIVA in B. subtilis, 
suggesting that the compound blocks the Z-ring for-
mation by targeting FtsZ. Interestingly; SB-RA-2001 
has no effect on the localization of green fluorescent 
protein-SpoOJ, indicating that it has no effect on the 
initiation phase of nucleoid segregation. SB-RA-2001 
17 has lower cytotoxicity in mammalian cells than 
paclitaxel and the IC
50
 of SB-RA-2001 in mamma-
lian cells has been determined to be 45 ± 5 μM; it 
binds weakly to Tubulin and had a minimal effect on 
microtubule assembly. [66]. In vitro, the mechanism of 
action of this compound has been found to be com-
parable to that of paclitaxel; SB-RA-2001 17 contains 
an (E)-3-(napthayl)acryloyl at position C-13 position 
instead of the N-benzoylisoserine moiety in paclitaxel 
16a. The docking of SB-RA-2001 17 with B. subtilis 
FtsZ suggests that its binding site resembles that of 
PC190723 (the cleft between the C-terminal domain 
and H7).
Phenols – Chrysophaentin A 18
The antibacterial activity of a new class of natural 
polyphenolic macrocycle, chrysophaentins (A–H), iso-
lated from the marine chrysophyte alga Chrysophaeum 
taylori, was studied by Plaza et al. [72]. The structures 
of chrysophaentins A–H have a scaffold compris-
ing two polyhydroxylated, polyhalogenated Ω,Ω′-
diarylbutene units connected through two ether bonds 
to form symmetrical or asymmetrical macrocycles. 
Chrysophaentin A 18 (Figure 5 & Table 1) was found 
to be the most potent, with MIC
50
s of 1.8 ± 0.6, 1.5 ± 
0.7 and 1.3 ± 0.4 μg/ml against S. aureus, MRSA and 
multidrug-resistant S. aureus, respectively (and MIC 
3.8 ± 1.9 and 2.9 ± 0.8 μg/ml toward E. faecium and 
vancomycin-resistant E. faecium). Chrysophaentin A 
18, inhibits E. coli FtsZ and S. aureus GTPase activity 
(IC
50
 9.9 ± 2.5 μM and 6.7 ± 1.7 μg/ml, respectively) as 
well as formation of FtsZ protofilaments. NMR experi-
ments further demonstrated that chrysophaentin A 18 
occludes a large portion of the GTP-binding site of 
FtsZ, which may explain its mechanism of action [72]. 
Hemichrysophaentin 19 also inhibits the GTPase 
activity of both organisms (E. coli IC
50
 37 ± 7 μM; 
S. aureus 38 ± 9 μM) [102]. Hemichrysophaentin 19 
competes with GTP for binding to the FtsZ nucleo-
tide pocket and, like chrysophaentin A, decreases the 
polymerization of FtsZ, resulting in the disruption of 
Z-ring localization and integrity.
Cinnamaldehyde derivatives
Cinnamaldehyde, a phenylpropanoid isolated from 
spice, displays broadspectrum antibacterial activ-
ity against E. coli and B. subtilis, with MIC values 
Table 3. Benzo[g]quinazoline 14 and quinazoline 15 filamenting temperature-sensitive mutant Z 
GTPase inhibitors.
Compound X R1 R2 R3 IC50 (μM)
14a (Zantrin Z3) NH (CH2)2NEt2 Cl N/A 24
14k NH (CH2)2NH3
+ 
CF3COO
-
Cl N/A 9
14l NH (CH2)2NH3
+ I- Cl N/A 52
14m NH (CH2)3NMe2 Cl N/A 65
15a NH (CH2)2NMe2 N/A Me 24
15b NH (CH2)2NH3
+ 
CF3COO
-
N/A Me 27
15c O (CH2)2NMe2 N/A Me 26
15d NH (CH2)2NMe2 N/A Ph 28
15e NH (CH2)2NMe2 N/A 4-pyridyl 30
15f NH (CH2)2NMe2 N/A Br 30
N/A: Not applicable.
Data taken from [98].
Figure 5. Natural product-derived inhibitors.
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of 1000 μg/ml and 500 μg/ml, respectively [103]. 
Chang et al. also found cinnamaldehyde to be active 
against MRSA at MIC value of 250 μg/ml [104]. Iso-
thermal titration calorimetry revealed that binding 
of cinnamaldehyde to FtsZ is driven by a favorable 
enthalpic interaction. In silico docking and STD-
NMR spectroscopy suggested that it binds to the 
C-terminal region of FtsZ around the T7 loop and 
induces a conformational change that inhibits FtsZ 
polymerization (IC
50
 = 6.88 ± 2.2 μM). [103] Further, 
it also inhibited GTPase activity with an MIC value 
of 5.81 ± 2.2 μM and bind FtsZ with an affinity of 
1.0 ± 0.2 μM. Even at higher doses than its MIC, it 
did not show any hemolytic activity toward human 
eukaryotic cells [103].
Li et al. [105] therefore attempted to design and syn-
thesize a new library of cinnamaldehyde derivatives 
in the hope of finding more potent FtsZ inhibitors. 
These cinnamaldehyde derivatives, for example, 20 
(Figure 5), were tested for their In vitro antibacte-
rial and cell inhibitory activity against both Gram-
positive and Gram-negative organisms. In particu-
lar, cinnamaldehyde derivatives 20a–e, bearing a 
2-methylbenzimidazolyl fragment exhibited better 
antibacterial activity than other analogues. Further-
more, these compounds demonstrated better activity 
against S. aureus ATCC25923 than other strains. In 
the cell division inhibitory assay, these compounds, 
particularly 20a, 20b, 20c and 20d (Figure 5), showed 
preferable activity against S. aureus ATCC25293 with 
an MIC value below 1 μg/ml, over 256-fold better 
than others. Moreover, all these compounds dem-
onstrated an inhibitory effect on GTPase activity of 
FtsZ and the effect was dose-dependent. Compound 
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20e (Table 1) exhibited the greatest inhibition (of 
50% at the concentration of 30 μg/ml) [105].
Coumarins
Doble and coworkers have identified coumarins from a 
series of phytochemicals as potential inhibitors of E. coli 
FtsZ. Scopoletin 21a (IC
50
 22 μM) and daphnetin 
21b (IC
50
 57 μM) (Figure 5 & Table 1) were found to 
be inhibitors of GTPase activity, while they also inhib-
ited FtsZ polymerization in a dose-dependent manner 
(IC
50
s of 41 and 72 μM, respectively) [74]. Docking of 
scopoletin 21a with the structure of E. coli FtsZ (gener-
ated by homology modeling) suggests that it interacts 
with the amino acids of the T7 loop.
Doxorubicin 22
Panda et al. used computational, biochemical and 
microbial assays to screen the US FDA-approved drug 
library of 800 molecules in order to find molecules that 
target FtsZ. Doxorubicin 22, an anthracyclin antibi-
otic, isolated from an actinobacterium Streptomyces peu-
cetius can cause E. coli inhibition by interfering with 
FtsZ [106]. Doxorubicin 22 is one of the most commonly 
used anticancer drugs and is classified as a topoisom-
erase II poison [107]. It inhibits DNA replication by 
stabilizing topoisomerase II enzyme and inducing his-
tone eviction from chromatin, leading to deregulation 
of DNA-damage response [108]. A fluorescence-binding 
assay suggested that doxorubicin interacts strongly with 
FtsZ (K
d
 = 120 ± 61 nM). E. coli became highly filamen-
tous without affecting DNA segregation in the presence 
of doxorubicin. It was also shown that doxorubicin 
22 was effective against E. coli, S. aureus and B. subti-
lis with MIC values of 20, 5 and 10 μM, respectively. 
Further, with increasing concentration of doxorubicin, 
complete Z-ring formation was found to decrease dra-
matically. There was a 20% inhibition of GTPase activ-
ity in the presence of 1 μM doxorubicin and 50% inhi-
bition in the presence of 50 μM. Moreover, a number of 
biochemical assays also confirmed that doxorubicin 22 
binds to a site other than GTP-binding site [106].
Vanillin
Zhu and coworkers synthesized a series of Schiff base 
analogues 23 of vanillin and determined their inhibi-
tion of FtsZ polymerization using the light scattering 
assay developed by White et al. [109]. The most potent 
analogues, 23a & b (Figure 5 & Table 4), were potent 
inhibitors of polymerization (IC
50
s 2.1 and 9.4 μM, 
respectively) and of the growth of Gram-negative and 
Gram-positive organisms (Table 4) [110].
Berberine 24a
Wong and coworkers utilized berberine 24a, the anti-
microbial alkaloid isolated from Berberis species, for 
example, Berberis vulgaris, as a lead for the develop-
ment of FtsZ inhibitors. Berberine was used in tra-
ditional Chinese and native American medicines 
and had been reported to target FtsZ assembly in E. 
coli [111] and B. subtilis [112]. Wong and coworkers pre-
pared a series of analogues 24b–d differing in the sub-
stituent at the 9-position in order to improve binding 
in a hydrophobic pocket (Figure 6) [76].
The most potent compound 24b (Table 1) dem-
onstrated moderate FtsZ GTPase inhibition (IC
50
 
37.8 ± 3.8 μM), was a moderate blocker of S. aureus 
FtsZ polymerization (70% inhibition at 50 μM) and 
was a potent inhibitor of Gram-positive cell growth 
(MICs 2–4 μg/ml, e.g., E. faecium ATCC 700221 
MIC 4 μg/ml, S. aureus ATCC29213 MIC 2 μg/ml). 
Once again, the docking of berberine and these ana-
logues with S. aureus FtsZ suggests that its binding site 
r esembles that of PC190723 (the interdomain cleft).
Using the structures of the cationic alkaloids che-
lerythrine 25a and sanguinarine 25b (Figure 6), and 
berberine 24a as leads, LaVoie and coworkers syn-
thesized 3-phenylisoquinoline and their 3-phenyliso-
quinolinium salts, for example, 26a & b (Figure 6) and 
found that some had activity against both MRSA and 
vancomycin-resistant E. faecalis (Table 5) as a result of 
their stabilizing effects on FtsZ polymerization. The 
most active compounds were shown to be inhibitors of 
S. aureus FtsZ GTPase activity [113].
The same group have prepared 1,6-diphenylnaph-
thalenes, for example, 27a & b (Figure 6 & Table 5) in 
an attempt to mimic the core structure of these alka-
loids. The presence of a basic functional group (or 
quaternary ammonium substituent) on the 6-phenyl 
ring was a prerequisite for significant antibacterial 
activity (Table 5) and, as with the 3-phenylisoquin-
Table 4. Schiff bases 23.
MIC (μg/ml)
R E. coli ATCC35218 P. aeruginosa ATCC13525 B. subtilis ATCC6633 S. aureus ATCC6538
Me 6.12 5.02 2.89 11.34
iPr 0.28 5.89 3.31 2.03
Data taken from [110].
Figure 6. Alkaloid-based inhibitors.
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olines, the most active compounds increased the 
extent of FtsZ polymerization [114].
LaVoie and coworkers have also investigated the 
activity of benzo-fused heterocycles, and found 
that quinoxalinium salts are more potent antibac-
terial agents than their neutral counterparts but, 
unlike some of the neutral analogues which stimu-
late FtsZ polymerization (at concentrations of 40 or 
80 μg/ml), the quinoxalinium salts had no signifi-
cant effect on FtsZ polymerization [116]. Substituted 
dibenzo[a,g]quinolizin-7-ium derivatives, for exam-
ple 28 (Figure 6 & Table 5) also display enhanced anti-
bacterial activity over berberine, and act as enhancers 
of FtsZ self-polymerization [115].
Gallate esters
Scheffers et al. investigated that inhibition of 
B. subtilis proliferation by a series of alkyl gallates 
29 (Figure 7) and found that their antibacterial 
activity was based upon a combination of increased 
membrane permeability and disruption of the FtsZ 
ring. Although a modest inhibitor of B. subtilis 168 
proliferation (MIC50 20 μg/ml), the most potent 
analogue 29 (n = 6) bound FtsZ with high affinity 
(Kd 80 nM) and inhibited GTPase activity without 
causing aggregation, while also affecting membrane 
integrity [117].
1,3-Bis(galloyloxy)naphthalene 30a, which was 
originally prepared as a synthetic analogue of (−)-epi-
gallocatechin-3-gallate (fatty acid synthase inhibitor), 
has been shown to displace mant-GTP from B. sub-
tilis FtsZ (K
b
 [4.30 ± 0.04] × 105 M-1) [69]. Andreu 
and coworkers thus prepared simplified analogues 
(Figure 7), again based upon 1,3-dihydroxynaphtha-
lene and found that the tetraphenol 30b (K
b
 [1.50 ± 
0.3] × 106 M-1) and chlorinated 30c (K
b
 [1.30 ± 0.2] 
× 106 M-1) analogues were more potent; the simplified 
analogues had enhanced Gram-positive growth inhibi-
tory effects (e.g., 30c MRSA MIC 4 μg/ml, E. faecalis 
MIC 2 μg/ml) but, like the bisgalloyl analogue 30a, 
were weak inhibitors of Gram-negative growth. They 
concluded that the interfacial binding of these agents 
impairs the normal B. subtilis FtsZ protofilament 
assembly, leading to disordered polymerization [69].
Building on these initial findings, Artola et al. [118] 
synthesized a series of compounds which displayed 
high antibacterial activity against muiltidrug-resis-
tant Gram-positive bacteria. Biphenyl derivative 31 
(Figure 7) was the most potent inhibitor, with good 
affinity (K
d
 = 0.5 μM) and antibacterial activity (MIC 
[B. subtilis] = 5 μM; MIC [MRSA] = 7 μM). Further 
studies of the mechanism of action have demonstrated 
that these compounds act as inhibitors of correct FtsZ 
assembly, and block bacterial division, thus leading to 
Figure 7. Ester-containing inhibitors.
29
31
30a R1 = R2 = R3 = OH
30b R1 = R3 = OH, R2 = H
30c R1 = Cl, R2 = OH,  R3 = H
O(CH2)nMe
HO
HO
OH
O
R2
R1
R1
R3
R2
R3
O O
O
O
HO
O O
O
O
OH
10.4155/fmc-2016-0041www.future-science.comfuture science group
Identification of agents targeting FtsZ assembly    Review
filamentous, undivided cells, but their effect on the 
GTPase activity of FtsZ has not yet been determined.
Nucleoside & nucleotide analogues
An obvious strategy for the discovery of compounds 
which interfere with GTPase activity is the use of 
GTP analogues, however any compounds replacing 
GTP in FtsZ would also have the potential to affect 
eukaryotic Tubulin assembly as FtsZ and Tubulin have 
similar amino acid sequences for GTP binding and 
hydrolysis [13].
Andreu et al. have investigated the binding of the 
fluorescent probe 2´/3 -´O-(N-methylanthraniloyl) 
guanosine-5´ -triphosphate (mant-GTP) 32 (Figure 8) 
to FtsZ monomers by saturation-transfer difference 
(STD)-NMR and found that the mant aromatic por-
tion interacts with an extension of the GTP-binding 
site, thereby affecting the longitudinal interface 
between FtsZ monomers and leading to the forma-
tion of inactive curved filaments and inhibition of 
FtsZ assembly in E. coli. mant-GTP 32 induces the 
polymerization of BsFtsZ and is a substrate for B. sub-
tilis FtsZ [119]. This novel interaction with E. coli FtsZ 
could be exploited in the design of agents which inhibit 
FtsZ assembly.
Läppchen et al. identified C8-substituted GTP ana-
logs which selectively inhibited FtsZ polymerization 
while not affecting Tubulin assembly [120]; these ana-
Table 5. Isoquinolinium salts, 1,6-diphenylnaphthalenes and dibenzo[a,g]quinolizin-7-iums.
 Compound
 
MIC (μg/ml) Staphylococcus aureus 
FtsZ Kd (μM)
% GTPase activity† 
(40 μg/ml)
MSSA MRSA VSE VRE
26a 1 2 4 8 2.0 ± 0.7 30.2 ± 0.3
26b 1 8 8 8 5.4 ± 1.5 14.9 ± 1.7
27a 0.5 0.5 4 4 – –
27b 2 2 4 4 – –
28 0.5 0.5 2 2 – –
†% GTPase activity in comparison to vehicle DMSO (100%). 
MSSA: Methicillin-susceptible S. aureus; VRE: Vancomycin-resistant Enterococcus faecalis; VSE: Vancomycin-susceptible E. faecalis.
Data taken from [113], [114], [115].
Figure 8. Nucleoside and nucleotide analogues.
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logs 33 (Figure 8) were shown to be reversible competi-
tive inhibitors of GTP-driven polymerization of E. coli 
FtsZ (Table 6) [121]. However, C8-substituted analogs 
lack antibacterial activity (probably due to poor pen-
etration across the bacterial cell envelope) [122]. Build-
ing on these findings, Andreu et al. investigated the 
binding affinities of some C-8 guanine analogues to 
Methanocaldococcus jannaschii and B. subtilis FtsZ 
using STD and NOESY NMR [123]. These analogues 
inhibit B. subtilis FtsZ assembly, with their activity 
correlating with their binding affinity. These work-
ers propose that the presence of the C8-substituent 
leads to assembly inhibition via interactions at the 
as sociation interface between FtsZ monomers.
Peptides & peptidomimetics
As mentioned previously, SulA is an endogenous 
inhibitor of FtsZ which exerts its effect by binding 
to the T7 loop and inhibiting FtsZ polymerization 
(Supplementary Figure 3). [53] Shaw and coworkers 
have attempted to mimic this interaction by analyz-
ing the key residues in this interaction and using fast 
rigid exhaustive docking to identify potential ligands 
34 (Figure 9) which interfere with this interaction [124].
Pieraccini et al. have use computational alanine 
scanning to map the residues at the FtsZ–FtsZ inter-
face of M. tuberculosis, with a view to targeting this 
region with oligopeptides which recognize these 
sequences, thus preventing polymerization. Three hot 
spots were identified at the interface between two FtsZ 
monomers – M177, F180 and R181 in the H1 helix of 
the B subunit of the homodimer [125]. An octapeptide 
35, corresponding to S175-S182 (and so containing 
all three hot spots) was synthesized, along with con-
formationally restrained analogues 36, 37 (Figure 9). 
All three peptides suppressed GTP hydrolysis and 
perturbed FtsZ assembly, with both cyclic peptides 
36, 37 inducing the formation of abnormally shaped 
protofilaments at 5–10 μM.
A cathelin-related antimicrobial peptide (CRAMP) 
is shown to play an important role in the host defense 
mechanism in mammals [126]. Recently, a part of the 
CRAMP peptide (GEKLKKIGQKIKNFFQKL), 
CRAMP (16–33) 38, has been found to inhibit the 
proliferation of B. subtilis and E. coli cells by target-
ing FtsZ [127]. CRAMP (16–33) 38 perturbs the sec-
ondary structure of FtsZ and a docking analysis indi-
cates that CRAMP (16–33) binds in the C-domain of 
FtsZ near the T7 loop. CRAMP (16–33) inhibits the 
assembly and GTPase activity of FtsZ In vitro, per-
turbs the formation and localization of Z-ring in B. 
subtilis cells [127].
Agents targeting ftsZ gene expression
An alternative strategy to disrupting the FtsZ protein 
function is to target the expression of the ftsZ gene. 
Using peptide–peptide nucleic acids (PNA), Gho-
sal and Nielsen targeted the translation initiation 
region of the ftsZ gene in P. aeruginosa and discov-
ered antisense PNA oligomers which resulted in the 
reduction of the targeted mRNA levels and complete 
growth inhibition. One of the anti-ftsZ peptide-PNA, 
H(R-Ahx)
6
(β-ala)-ctcgttcaaa-NH
2
 (Ahx: 6-amino-
hexanoic acid; β-ala: β-alanine; PNA nucleobases 
in lower case), exhibited bactericidal activity, with 
Table 6. Binding affinities of C8-substituted 
GTP analogues 33 and functional inhibition of 
filamenting temperature-sensitive mutant Z.
X Kd(app) (nM)
H (GTP) ∼0.033 ± 0.006
Morpholino 0.274 ± 0.015
Pyrrolidino 0.042 ± 0.001
OMe 0.010 ± 0.001
Br 0.054 ± 0.015
Data taken from [123].
Figure 9. Peptide, peptidomimetic and locked nucleic acid inhibitors.
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no membrane disruption, but demonstrated sig-
nificant toxicity against the HeLa cell line (EC50 < 
5 μM) [128]. Meng et al. investigated the activity of 
locked nucleic acids (LNA) [128] – antisense nucleic 
acids which contain ribose ring which are locked by a 
2 -´O-CH
2–
4´C bridge 39, Figure 9 – and their peptide 
conjugates (PLNA) which target the ftsZ messenger 
RNA of MRSA [129]. The most potent LNA, LNA787, 
containing a sequence complementary to nucleo-
tides 787–808 in the coding region of ftsZ mRNA in 
MRSA (TGACTCGCCACCAGTAATATT [LNA 
bases are bold, normal bases nonbold]) was conju-
gated to a cell penetrating peptide (KFFKFFKFFK) 
via a maleimidylmethylcyclohexane-1-carboxylate 
linker to give PLNA787. Free LNA787 did not inhibit 
bacterial growth, but PLNA787 exhibited potent anti-
bacterial activity in a methicillin susceptible and 9 
MRSA strains (MICs 1.56–12.5 μM), without affect-
ing eukaryotic cells. PLNA787 also improved the 
survival rates (to 60% for mice treated with 3 mg/kg 
PLNA787) in a mouse sepsis model (Mu-50-induced 
sepsis) by reducing the bacterial titers.
Future perspective
With the availability of the biological assays required 
to investigate the precise mechanism of action of 
agents which target FtsZ, the challenge in prepar-
ing inhibitors now resides with medicinal chemists. 
The FtsZ polmer stabilizing pyrido[2,3-b]thiazole, 
PC190723 1, has shown the greatest promise as a lead 
Executive summary
•	 Filamenting temperature-sensitive mutant Z (FtsZ) is the main component of bacterial cell division and is 
conserved in almost all bacterial species.
•	 FtsZ forms the dynamic Z-ring at the mid cell during division.
•	 FtsZ and its mammalian counterpart Tubulin have major structural similarities but low sequence similarities.
Structure of FtsZ
•	 FtsZ has a relative molecular mass of 40,000 and its consists of a GTPase or N-terminal domain and also a 
C-terminal region.
•	 FtsZ has a GTP-binding motif and the polymerization of FtsZ monomers occurs in a GTP-dependent fashion.
•	 GTP hydrolysis regulates FtsZ polymerization.
•	 The complex structure of the Z-ring is accomplished through the action of a number of division proteins.
•	 One of the roles of FtsZ is to recruit the division proteins to the septum.
FtsZ inhibitors
•	 FtsZ is a promising antibacterial target as it is ubiquitous in bacteria and plays such a pivotal role in 
prokaryotic cytokinesis.
•	 The search for potent FtsZ inhibitors has so far been unmet, with very few compounds have even low 
micromolar activity.
•	 Lead FtsZ inhibitors have originated from both natural products based and synthetic drug discovery 
programs.
•	 The pyrido[2,3-b]thiazole, PC190723 1, was the most promising lead as it is a potent inhibitor Staphylococcus 
aureus proliferation (MIC 1 μg/ml) and demonstrated efficacy in a mouse septicemia model (ED50 7.3 mg/kg 
for subcutaneous administration).
•	 The relatively high frequency of spontaneous resistance mutants in S. aureus grown on a medium containing 
PC190723 (mostly due to the residues surrounding the narrow PC190723-binding pocket) would be unlikely to 
be overcome through chemical modifications to the its structure.
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as it is a potent GTPase inhibitor which results in 
no mid-cell foci and nonfunctional FtsZ. PC190723 
binds within a narrow pocket within a deep cleft 
formed by the C-terminal half of the H7 helix, T7 
loop and C-terminal 4-stranded β sheet and the rela-
tive ease with which utations around this site can lead 
to resistance means that agents which target this area 
are likely to have limited potential for development. 
The discovery of robust and potent FtsZ inhibitors 
thus requires the identification of alternative target-
binding sites, and agents which mimic the interac-
tions of FtsZ with negative regulatory proteins may 
represent the most promising means of realizing this 
aim.
Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-
ment with any organization or entity with a financial inter-
est in or financial conflict with the subject matter or mate-
rials discussed in the manuscript. This includes employment, 
consultancies, honoraria, stock ownership or options, expert 
testimony, grants or patents received or pending, or royalties.
No writing assistance was utilized in the production of this 
manuscript.
References
Papers of special note have been highlighted as: 
• of interest; •• of considerable interest
1 Margolin W. FtsZ and the division of prokaryotic cells and 
organelles. Nat. Rev. Mol. Cell Biol. 611, 862–871 (2005).
2 Carballido-Lopez R, Errington J. A dynamic bacterial 
cytoskeleton. Trends Cell Biol. 13, 577–583 (2003).
••	 A	review	of	the	properties	and	roles	of	actin	and	Tubulin	
homologues	in	bacteria.
3 Walker JR, Kovarik A, Allen JS, Gustafson RA. Regulation 
of bacterial cell-division – temperature-sensitive 
mutants of Escherichia coli that are defective in septum 
formation. J. Bacteriol. 123, 693–703 (1975).
4 Hirota Y, Ryter A, Jacob F. Thermosensitive mutants of E. coli 
affected in processes of DNA synthesis and cellular division. 
Cold Spring Harb. Symp. Quant. Biol. 33, 677–693 (1968).
5 Begg KJ, Donachie WD. Cell shape and division in 
Escherichia coli – experiments with shape and division 
mutants. J. Bacteriol. 163, 615–622 (1985).
••	 Describes	the	results	from	mutational	studies	which	
demonstrate	that	different	fts	genes	control	different	stages	
in	septation.
6 Taschner PEM, Huls PG, Pas E, Woldringh CL. Division 
behaviour and shape changes in isogenic ftsZ, ftsQ, ftsA, 
pbpB and ftsE cell-division mutants of Escherichia coli during 
temperature shift experiments. J. Bacteriol. 170, 1533–1540 
(1988).
7 Erickson HP. FtsZ, a prokaryotic homolog of 
Tubulin? Cell 80, 367–370 (1995).
8 Matsui T, Yamane J, Mogi N et al. Structural reorganization 
of the bacterial cell-division protein FtsZ from Staphylococcus 
aureus. Acta Crystallogr. D Biol. Crystallogr. 68, 1175–1188 
(2012).
••	 Describes	the	conformational	changes	evident	in	the	x-ray	
crystal	structures	of	Staphylococcus aureus	Filamenting	
temperature-sensitive	mutant	Z	(FtsZ)	in	its	apo,	
GDP-bound	and	inhibitor-complex	forms.
9 Lowe J, Li H, Downing KH, Nogales E. Refined structure 
of alpha beta-tubulin at 3.5 A resolution. J. Mol. Biol. 313, 
1045–1057 (2001).
10 Lowe J, Amos LA. Crystal structure of the bacterial cell-
division protein FtsZ. Nature 391, 203–206 (1998).
••	 Describes	the	crystal	structure	of	FtsZ	from	Methanococcus 
Jannaschii	and	the	finding	that	GDP	binding	is	different	
from	that	typically	found	in	GTPases.
11 Moreland JL, Gramada A, Buzko OV, Zhang Q, Bourne PE. 
The Molecular Biology Toolkit (MBT): a modular platform 
for developing molecular visualization applications. BMC 
Bioinform. 6, 21 (2005).
12 Xu D, Zhang Y. Generating triangulated macromolecular 
surfaces by Euclidean distance transform. PLoS ONE 4, 
e8140 (2009).
13 Nogales E, Downing KH, Amos LA, Löwe J. Tubulin and 
FtsZ form a distinct family of GTPases. Nat. Struct. Biol. 5, 
451–458 (1998).
••	 A	detailed	comparison	of	the	structures	of	FtsZ	and	
Tubulin.
14 Wang XD, Lutkenhaus J. The FtsZ protein of Bacillus subtilis 
is localized at the division site and has GTPase activity that 
is dependent upon FtsZ concentration Mol. Microbiol. 9, 
435–442 (1993).
15 Li Z, Trimble MJ, Brun YV, Jensen GJ. The structure of 
FtsZ filaments in vivo suggests a force-generating role in cell 
division. EMBO J. 26, 4694–4708 (2007).
16 Lutkenhaus J, Pichoff S, Du SS. Bacterial cytokinesis: from 
Z ring to divisome. Cytoskeleton 69, 778–790 (2012).
17 Ramirez-Aportela E, Lopez-Blanco JR, Andreu JM et al. 
Understanding nucleotide-regulated FtsZ filament dynamics 
and the monomer assembly switch with large-scale atomistic 
simulations. Biophys. J. 107, 2164–2176 (2014).
18 Mukherjee A, Lutkenhaus J. Dynamic assembly of FtsZ 
regulated by GTP hydrolysis. EMBO J. 17, 462–469 (1998).
19 Anderson DE, Gueiros-Filho FJ, Erickson HP. Assembly 
dynamics of FtsZ rings in Bacillus subtilis and Escherichia 
coli and effects of FtsZ-regulating proteins. J. Bacteriol. 186, 
5775–5781 (2004).
20 RSCB.  
www.rcsb.org 
21 Mukherjee A, Dai K, Lutkenhaus J. Escherichia-coli 
cell-division protein FtsZ is a guanine-nucleotide binding-
protein. Proc. Natl Acad. Sci. USA 90, 1053–1057 (1993).
22 de Boer P, Crossley R, Rothfield L. The essential bacterial 
cell-division protein FtsZ is a GTPase. Nature 359, 254–256 
(1992).
10.4155/fmc-2016-0041www.future-science.comfuture science group
Identification of agents targeting FtsZ assembly    Review
••	 The	discovery	that	GTP	binding	and	hydrolysis	by	FtsZ	are	
important	steps	in	bacterial	cytokinesis.
23 Lowe J. Crystal structure determination of FtsZ from 
Methanococcus jannaschii. J. Struct. Biol. 124, 235–243 
(1998).
24 dePereda JM, Leynadier D, Evangelio JA, Chacon P, Andreu 
JM. Tubulin secondary structure analysis, limited proteolysis 
sites, and homology to FtsZ. Biochemistry 35, 14203–14215 
(1996).
25 Rossmann MG, Moras D, Olsen KW. Chemical and 
biological evolution of nucleotide-binding protein. 
Nature 250, 194–199 (1974).
26 Desai A, Mitchison TJ. Tubulin and FtsZ structures: 
functional and therapeutic implications. Bioessays 20, 
523–527 (1998).
27 Dai K, Mukherjee A, Xu Y, Lutkenhaus J. Mutations in FtsZ 
that confer resistance to SulA affect the interaction of FtsZ 
with GTP. J. Bacteriol. 176, 130–136 (1994).
28 Scheffers DJ, de Wit JG, den Blaauwen T, Driessen AJM. 
GTP hydrolysis of cell division protein FtsZ: evidence that 
the active site is formed by the association of monomers. 
Biochemistry 41, 521–529 (2002).
29 Shin JY, Vollmer W, Lagos R, Monasterio O. Glutamate 83 
and arginine 85 of helix H3 bend are key residues for FtsZ 
polymerization, GTPase activity and cellular viability of 
Escherichia coli: lateral utations affect FtsZ polymerization 
and E. coli viability. BMC Microbiol. 13, 26 (2013).
30 Bramhill D, Thompson CM. GTP-dependent 
polymerization of Escherichia coli FtsZ protein to form 
Tubules. Proc. Natl Acad. Sci. USA 91, 5813–5817 (1994).
31 Lu C, Reedy M, Erickson HP. Straight and curved 
conformations of FtsZ are regulated by GTP hydrolysis. 
J. Bacteriol. 182, 164–170 (2000).
32 Ryan KR, Shapiro L. Temporal and spatial regulation in 
prokaryotic cell cycle progression and development. Annu. 
Rev. Biochem. 72, 367–394 (2003).
33 Mukherjee A, Saez C, Lutkenhaus J. Assembly of an FtsZ 
mutant deficient in GTPase activity has implications for 
FtsZ assembly and the role of the Z ring in cell division. 
J. Bacteriol. 183, 7190–7197 (2001).
34 Oliva MA, Trambaiolo D, Lowe J. Structural insights into 
the conformational variability of FtsZ. J. Mol. Biol. 373, 
1229–1242 (2007).
35 Coan KED, Maltby DA, Burlingame AL et al. Promiscuous 
aggregate-based inhibitors promote enzyme unfolding. 
J. Med. Chem. 52, 2067–2075 (2009).
36 Harry E, Monahan L, Thompson L. Bacterial cell division: 
the mechanism and its precison. Intnl. Rev. Cytology 253, 
27–94 (2006).
37 Romberg L, Mitchison TJ. Rate-limiting guanosine 
5 -´triphosphate hydrolysis during nucleotide turnover by 
FtsZ, a prokaryotic Tubulin homologue involved in bacterial 
cell division. Biochemistry 43, 282–288 (2004).
38 Coue M, Lombillo VA, McIntosh JR. Microtubule 
depolymerization promotes particle and chromosome 
movement In vitro. J. Cell Biol. 112, 1165–1175 (1991).
39 Osawa M, Anderson DE, Erickson HP. Reconstitution of 
contractile FtsZ rings in liposomes. Science 320, 792–794 
(2008).
40 Elsen NL, Lu J, Parthasarathy G et al. Mechanism of 
action of the cell-division inhibitor PC190723: modulation 
of FtsZ assembly cooperativity. J. Amer. Chem. Soc. 134, 
12342–12345 (2012).
41 Tan CM, Therien AG, Lu J et al. Restoring methicillin-
resistant Staphylococcus aureus susceptibility to beta-lactam 
antibiotics. Sci. Transl. Med. 4, 126ra135 (2012).
42 Mosyak L, Zhang Y, Glasfeld E et al. The bacterial cell-
division protein ZipA and its interaction with an FtsZ 
fragment revealed by x-ray crystallography. EMBO J. 19, 
3179–3191 (2000).
43 Hamoen LW, Meile JC, de Jong W, Noirot P, Errington J. 
SepF, a novel FtsZ-interacting protein required for a late step 
in cell division. Mol. Microbiol. 59, 989–999 (2006).
44 Pichoff S, Lutkenhaus J. Unique and overlapping roles for 
ZipA and FtsA in septal ring assembly in Escherichia coli. 
EMBO J. 21, 685–693 (2002).
45 Hale CA, de Boer PAJ. Recruitment of ZipA to the septal 
ring of Escherichia coli is dependent on FtsZ and independent 
of FtsA. J. Bacteriol. 181, 167–176 (1999).
46 Singh JK, Makde RD, Kumar V, Panda D. SepF increases 
the assembly and bundling of FtsZ polymers and stabilizes 
FtsZ protofilaments by binding along its length. J. Biol. 
Chem. 283, 31116–31124 (2008).
47 Mohammadi T, Ploeger GEJ, Verheul J et al. The 
GTPase activity of Escherichia coli FtsZ determines the 
magnitude of the FtsZ polymer bundling by ZapA in vitro. 
Biochemistry 48, 11056–11066 (2009).
48 Ebersbach G, Galli E, Moller-Jensen J, Lowe J, Gerdes K. 
Novel coiled-coil cell division factor ZapB stimulates Z ring 
assembly and cell division. Mol. Microbiol. 68, 720–735 
(2008).
49 Durand-Heredia JM, Yu HH, De Carlo S, Lesser CF, 
Janakiraman A. Identification and characterization of 
ZapC, a stabilizer of the FtsZ ring in Escherichia coli. 
J. Bacteriol. 193, 1405–1413 (2011).
50 Durand-Heredia J, Rivkin E, Fan GX, Morales J, 
Janakiraman A. Identification of ZapD as a cell division 
factor that promotes the assembly of FtsZ in Escherichia coli. 
J. Bacteriol. 194, 3189–3198 (2012).
51 Weart RB, Lee AH, Chien AC, Haeusser DP, Hill NS, 
Levin PA. A metabolic sensor governing cell size in bacteria. 
Cell 130, 335–347 (2007).
52 Handler AA, Lim JE, Losick R. Peptide inhibitor of 
cytokinesis during sporulation in Bacillus subtilis. Mol. 
Microbiol. 68, 588–599 (2008).
53 Cordell SC, Robinson EJH, Lowe J. Crystal structure of the 
SOS cell division inhibitor SulA and in complex with FtsZ. 
Proc. Natl Acad. Sci. USA 100, 7889–7894 (2003).
54 Haeusser DP, Schwartz RL, Smith AM, Oates ME, Levin 
PA. EzrA prevents aberrant cell division by modulating 
assembly of the cytoskeletal protein FtsZ. Mol. Microbiol. 52, 
801–814 (2004).
10.4155/fmc-2016-0041 Future Med. Chem. (Epub ahead of print) future science group
Review    Panda, Bhattacharya, Gao et al.
55 Pichoff S, Lutkenhaus J. Escherichia coli division inhibitor 
MinCD blocks septation by preventing Z-ring formation. 
J. Bacteriol. 183, 6630–6635 (2001).
56 Bramkamp M, Emmins R, Weston L, Donovan C, 
Daniel RA, Errington J. A novel component of the 
division-site selection system of Bacillus subtilis and a new 
mode of action for the division inhibitor MinCD. Mol. 
Microbiol. 70, 1556–1569 (2008).
57 Pinho MG, Kjos M, Veening J-W. How to get (a)round: 
mechanisms controlling growth and division of coccoid 
bacteria. Nat. Rev. Microbiol. 11, 601–614 (2013).
58 Lutkenhaus J. Assembly dynamics of the bacterial MinCDE 
system and spatial regulation of the Z ring. Ann. Rev. 
Biochem. 76, 539–562 (2007).
59 Wu LJ, Ishikawa S, Kawai Y, Oshima T, Ogasawara N, 
Errington J. Noc protein binds to specific DNA sequences 
to coordinate cell division with chromosome segregation. 
EMBO J. 28, 1940–1952 (2009).
60 Foss MH, Eun YJ, Grove CI et al. Inhibitors of 
bacterial Tubulin target bacterial membranes in vivo. 
MedChemComm 4, 112–119 (2013).
61 FT Map.  
http://ftmap.bu.edu/ 
62 Kozakov D, Hall DR, Napoleon RL, Yueh C, Whitty A, 
Vajda S. New frontiers in druggability. J. Med. Chem. 58, 
9063–9088 (2015).
63 Stokes NR, Sievers J, Barker S et al. Novel inhibitors of 
bacterial cytokinesis identified by a cell-based antibiotic 
screening assay. J. Biol. Chem. 280, 39709–39715 (2005).
64 Haydon DJ, Stokes NR, Ure R et al. An inhibitor of FtsZ 
with potent and selective anti-staphylococcal activity. 
Science 321, 1673–1675 (2008).
••	 The	report	of	the	potent	and	selective	bactericidal	activity	
of	PC190723	as	a	result	of	its	inhibition	of	FtsZ	and	
prevention	of	cell	division.
65 Andreu JM, Schaffner-Barbero C, Huecas S et al. The 
antibacterial cell division inhibitor PC190723 is an FtsZ 
polymer-stabilizing agent that induces filament assembly 
and condensation. J. Biol. Chem. 285, 14239–14246 (2010).
66 Singh D, Bhattacharya A, Rai A et al. SB-RA-2001 
inhibits bacterial proliferation by targeting FtsZ assembly. 
Biochemistry 53, 2979–2992 (2014).
67 Ray S, Jindal B, Kunal K, Surolia A, Panda D. BT-benzo-29 
inhibits bacterial cell proliferation by perturbing FtsZ 
assembly. FEBS J. 282, 4015–4033 (2015).
68 Anderson DE, Kim MB, Moore JT et al. Comparison 
of small molecule inhibitors of the bacterial cell division 
protein FtsZ and identification of a reliable cross-species 
inhibitor. ACS Chem. Biol. 7, 1918–1928 (2012).
••	 A	comparison	of	the	biochemical	properties	of	reported	
FtsZ	inhibitors.
69 Ruiz-Ayila LB, Huecas S, Artola M et al. Synthetic inhibitors 
of bacterial cell division targeting the GTP-binding site of 
FtsZ. ACS Chem. Biol. 8, 2072–2083 (2013).
70 Kaul M, Mark L, Zhang YZ, Parhi AK, LaVoie EJ, Pilch 
DS. An FtsZ-targeting prodrug with oral antistaphylococcal 
efficacy in vivo. Antimicrob. Agents Chemother. 57, 
5860–5869 (2013).
71 Margalit DN, Romberg L, Mets RB et al. Targeting cell 
division: small-molecule inhibitors of FtsZ GTPase perturb 
cytokinetic ring assembly and induce bacterial lethality. 
Proc. Natl Acad. Sci. USA 101, 11821–11826 (2004).
72 Plaza A, Keffer JL, Bifulco G, Lloyd JR, Bewley CA. 
Chrysophaentins A-H, antibacterial bisdiarylbutene 
macrocycles that inhibit the bacterial cell division protein 
FtsZ. J. Amer. Chem. Soc. 132, 9069 (2010).
73 Li X, Sheng JZ, Huang GH et al. Design, synthesis and 
antibacterial activity of cinnamaldehyde derivatives as 
inhibitors of the bacterial cell division protein FtsZ. Eur. J. 
Med. Chem. 96, 32–41 (2015).
74 Duggirala S, Nankar RP, Rajendran S, Doble M. 
Phytochemicals as inhibitors of bacterial cell division 
protein FtsZ: coumarins are promising candidates. Appl. 
Biochem. Biotechnol. 174, 283–296 (2014).
75 Chiang CC, Cheng MJ, Peng CF, Huang HY, Chen IS. 
A novel dimeric coumarin analog and antimycobacterial 
constituents from Fatoua pilosa. Chem. Biodiversity 7, 
1728–1736 (2010).
76 Sun N, Chan FY, Lu YJ et al. Rational design of berberine-
based FtsZ inhibitors with broad-spectrum antibacterial 
activity. PLoS ONE 9, e97514 (2014).
77 Miguel A, Hsin J, Liu TY, Tang G, Altman RB, Huang 
KC. Variations in the binding pocket of an inhibitor of 
the bacterial division protein FtsZ across genotypes and 
species. PLoS Comput. Biol. 11, e1004117 (2015).
78 Kaul M, Zhang YZ, Parhi AK et al. Enterococcal 
and streptococcal resistance to PC190723 and related 
compounds: molecular insights from a FtsZ mutational 
analysis. Biochimie 95, 1880–1887 (2013).
79 Kaul M, Mark L, Zhang YZ, Parhi AK, LaVoie EJ, Pilch DS. 
Pharmacokinetics and in vivo antistaphylococcal efficacy of 
TXY541, a 1-methylpiperidine-4-carboxamide prodrug of 
PC190723. Biochem. Pharmacol. 86, 1699–1707 (2013).
80 Kaul M, Zhang YZ, Parhi AK, LaVoie EJ, Pilch DS. 
Inhibition of RND-type efflux pumps confers the FtsZ-
directed prodrug TXY436 with activity against Gram-
negative bacteria. Biochem. Pharmacol. 89, 321–328 (2014).
81 Kaul M, Mark L, Zhang YZ et al. TXA709, an 
FtsZ-targeting benzamide prodrug with improved 
pharmacokinetics and enhanced in vivo efficacy against 
methicillin-resistant Staphylococcus aureus. Antimicrob. 
Agents Chemother. 59, 4845–4855 (2015).
82 Stokes NR, Baker N, Bennett JM et al. An improved small-
molecule inhibitor of FtsZ with superior in vitro potency, 
drug-like properties, and in vivo efficacy. Antimicrob. 
Agents Chemother. 57, 317–325 (2013).
83 Stokes NR, Baker N, Bennett JM et al. Design, synthesis 
and structure-activity relationships of substituted oxazole-
benzamide antibacterial inhibitors of FtsZ. Bioorg. Med. 
Chem. Lett. 24, 353–359 (2014).
84 Chiodini G, Pallavicini M, Zanotto C et al. Benzodioxane-
benzamides as new bacterial cell division inhibitors. Eur. J. 
Med. Chem. 89, 252–265 (2015).
10.4155/fmc-2016-0041www.future-science.comfuture science group
Identification of agents targeting FtsZ assembly    Review
85 Sarcina M, Mullineaux CW. Effects of Tubulin assembly 
inhibitors on cell division in prokaryotes in vivo. FEMS 
Microbiol. Lett. 191, 25–29 (2000).
86 White EL, Suling WJ, Ross LJ, Seitz LE, Reynolds 
RC. 2-Alkoxycarbonylaminopyridines: inhibitors 
of Mycobacterium tuberculosis FtsZ. J. Antimicrob. 
Chemother. 50, 111–114 (2002).
87 Reynolds RC, Srivastava S, Ross LJ, Suling WJ, White EL. A 
new 2-carbamoyl pteridine that inhibits mycobacterial FtsZ. 
Bioorg. Med. Chem. Lett. 14, 3161–3164 (2004).
88 Kumar K, Awasthi D, Lee SY et al. Novel trisubstituted 
benzimidazoles, targeting Mtb FtsZ, as a new class of 
antitubercular agents. J. Med. Chem. 54(1), 374–381 (2011).
89 Knudson SE, Awasthi D, Kumar K et al. A trisubstituted 
benzimidazole cell division inhibitor with efficacy against 
Mycobacterium tuberculosis. PLoS ONE 9, e93953 (2014).
90 Awasthi D, Kumar K, Knudson SE, Slayden RA, Ojima I. 
SAR studies on trisubstituted benzimidazoles as inhibitors of 
Mtb FtsZ for the development of novel antitubercular agents. 
J. Med. Chem. 56, 9756–9770 (2013).
91 Ojima I, Kumar K, Awasthi D, Vineberg JG. Drug discovery 
targeting cell division proteins, microtubules and FtsZ. 
Bioorg. Med. Chem. 22, 5060–5077 (2014).
92 Mikuni S, Kodama K, Sasaki A et al. Screening for FtsZ 
dimerization inhibitors using fluorescence cross-correlation 
spectroscopy and surface resonance plasmon analysis. PLoS 
One 10, e130933 (2015).
93 Lin Y, Zhu NY, Han YX, Jiang JD, Si SY. Identification of 
anti-tuberculosis agents that target the cell-division protein 
FtsZ. J. Antibiot. 67, 671–676 (2014).
94 Chan F-Y, Sun N, Neves MAC et al. Identification of a new 
class of FtsZ inhibitors by structure-based design and in vitro 
screening. J. Chem. Inform. Mod. 53, 2131–2140 (2013).
95 Haraguchi H, Oike S, Muroi H, Kubo I. Mode of 
antibacterial action of totarol, a diterpene from Podocarpus 
nagi. Planta Med. 62, 122–125 (1996).
96 Jaiswal R, Beuria TK, Mohan R, Mahajan SK, Panda D. 
Totarol inhibits bacterial cytokinesis by perturbing the 
assembly dynamics of FtsZ. Biochemistry 46, 4211–4220 
(2007).
97 Chan FY, Sun N, Leung YC, Wong KY. Antimicrobial 
activity of a quinuclidine-based FtsZ inhibitor 
and its synergistic potential with beta-lactam 
antibiotics. J. Antibiot. 68, 253–258 (2015).
98 Nepomuceno GM, Chan KM, Huynh V et al. Synthesis and 
evaluation of quinazolines as inhibitors of the bacterial cell 
division protein FtsZ. ACS Med. Chem. Lett. 6, 308–312 
(2015).
99 Schiff PB, Fant J, Horwitz SB. Promotion of microtubule 
assembly In vitro by Taxol. Nature 277, 665–667 (1979).
100 Huang Q, Kirikae F, Kirikae T et al. Targeting FtsZ for 
antituberculosis drug discovery: noncytotoxic taxanes as 
novel antituberculosis agents. J. Med. Chem. 49, 463–466 
(2006).
101 Kumar K, Awasthi D, Berger WT, Tonge PJ, Slayden RA, 
Ojima I. Discovery of anti-TB agents that target the cell-
division protein FtsZ. Fut. Med. Chem. 2, 1305–1323 (2010).
102 Keffer JL, Huecas S, Hammill JT, Wipf P, Andreu JM, 
Bewley CA. Chrysophaentins are competitive inhibitors of 
FtsZ and inhibit Z-ring formation in live bacteria. Bioorg. 
Med. Chem. 21, 5673–5678 (2013).
103 Domadia P, Swarup S, Bhunia A, Sivaraman J, Dasgupta 
D. Inhibition of bacterial cell division protein FtsZ by 
cinnamaldehyde. Biochem. Pharmacol. 74, 831–840 
(2007).
104 Chang S-T, Chang S-C, Chen P-F. Antibacterial activity of 
leaf essential oils and their constituents from Cinnamomum 
osmophloeum. J. Ethnopharmacol. 77, 123–127 (2001).
105 Li X, Sheng J, Huang G et al. Design, synthesis and 
antibacterial activity of cinnamaldehyde derivatives as 
inhibitors of the bacterial cell division protein FtsZ. Eur. J. 
Med. Chem. 97, 32–41 (2015).
106 Panda P, Taviti AC, Satpati S, Kar MM, Dixit A, Beuria 
TK. Doxorubicin inhibits E. coli division by interacting at 
a novel site in FtsZ. Biochem. J. 471, 335–346 (2015).
107 Swift LP, Rephaeli A, Nudelman A et al. Doxorubicin-
DNA adducts induce a non-topoisomerase II-mediated 
form of cell death. Cancer Res. 66, 4863–4871 (2006).
108 Yang F, Teves SS, Kemp CJ, Henikoff S. Doxorubicin, 
DNA torsion, and chromatin dynamics. Biochim. Biophys. 
Acta 1845, 84–89 (2014).
109 White EL, Ross LJ, Reynolds RC, Seitz LE, Moore GD, 
Borhani DW. Slow polymerization of Mycobacterium 
tuberculosis FtsZ. J. Bacteriol. 182, 4028–4034 (2000).
110 Sun J, Li MH, Wang XY et al. Vanillin derivatives as the 
selective small molecule inhibitors of FtsZ. Med. Chem. 
Res. 23, 2985–2994 (2014).
111 Domadia PN, Bhunia A, Sivaraman J, Swarup S, Dasgupta 
D. Berberine targets assembly of Escherichia coli cell 
division protein FtsZ. Biochemistry 47, 3225–3234 (2008).
112 Park HC, Gedi V, Cho JH et al. Characterization 
and In vitro inhibition studies of Bacillus anthracis 
FtsZ: a potential antibacterial target. Appl. Biochem. 
Biotechnol. 172, 3263–3270 (2014).
113 Kelley C, Zhang YZ, Parhi A, Kaul M, Pilch DS, LaVoie 
EJ. 3-Phenyl substituted 6,7-dimethoxyisoquinoline 
derivatives as FtsZ-targeting antibacterial agents. Bioorg. 
Med. Chem. 20, 7012–7029 (2012).
114 Zhang YZ, Giurleo D, Parhi A, Kaul M, Pilch DS, LaVoie 
EJ. Substituted 1,6-diphenylnaphthalenes as FtsZ-
targeting antibacterial agents. Bioorg. Med. Chem. Lett. 23, 
2001–2006 (2013).
115 Parhi A, Lu SF, Kelley C, Kaul M, Pilch DS, LaVoie 
EJ. Antibacterial activity of substituted dibenzo[a,g]
quinolizin-7-ium derivatives. Bioorg. Med. Chem. Lett. 22, 
6962–6966 (2012).
116 Parhi AK, Zhang YZ, Saionz KW et al. Antibacterial 
activity of quinoxalines, quinazolines, and 
1,5-naphthyridines. Bioorg. Med. Chem. Lett. 23, 
4968–4974 (2013).
117 Krol E, Borges AD, da Silva I et al. Antibacterial activity 
of alkyl gallates is a combination of direct targeting of 
FtsZ and permeabilization of bacterial membranes. Front. 
Microbiol. 6, 390 (2015).
10.4155/fmc-2016-0041 Future Med. Chem. (Epub ahead of print) future science group
Review    Panda, Bhattacharya, Gao et al.
118 Artola M, Ruiz-Avila LB, Vergonos A et al. Effective GTP-
replacing FtsZ inhibitors and antibacterial mechanism of 
action. ACS Chem. Biol. 10, 834–843 (2015).
119 Huecas S, Marcelo F, Perona A et al. Beyond a fluorescent 
probe: inhibition of cell division protein FtsZ by mant-GTP 
elucidated by NMR and biochemical approaches. ACS Chem. 
Biol. 10, 2382–2392 (2015).
120 Läppchen T, Koomen GJ, Pinas V, Blaauwen dT, Hartog AF. 
GTP analogue inhibits polymerization and GTPase activity 
of the bacterial protein FtsZ without affecting its eukaryotic 
homologue Tubulin. Biochemistry 44, 7879–7884 (2005).
121 Läppchen T, Pinas VA, Hartog AF et al. Probing FtsZ and 
Tubulin with C8-substituted GTP analogs reveals differences 
in their nucleotide binding sites. Chem. Biol. 15, 189–199 
(2008).
122 Schaffner-Barbero C, Martín-Fontecha M, Chacón P, 
Andreu JM. Targeting the assembly of bacterial cell division 
protein FtsZ with small molecules. ACS Chem. Biol. 7, 269 
(2012).
123 Marcelo F, Huecas S, Ruiz-Avila LB et al. Interactions of 
bacterial cell division protein FtsZ with C8-substituted 
guanine nucleotide inhibitors. A combined NMR, 
biochemical and molecular modeling perspective. J. Amer. 
Chem. Soc. 135, 16418–16428 (2013).
124 Sorto NA, Painter PP, Fettinger JC, Tantillo DJ, Shaw JT. 
Design and synthesis of mimics of the T7-loop of FtsZ. Org. 
Lett. 15, 2700–2703 (2013).
125 Pieraccini S, Rendine S, Jobichen C et al. Computer 
aided design of FtsZ targeting oligopeptides. RSC Adv. 3, 
1739–1743 (2013).
126 Rosenberger CM, Gallo RL, Finlay BB. Interplay between 
antibacterial effectors: a macrophage antimicrobial peptide 
impairs intracellular Salmonella replication. Proc. Natl Acad. 
Sci. USA 101, 2422–2427 (2004).
127 Ray S, Dhaked HP, Panda D. Antimicrobial peptide 
CRAMP (16–33) stalls bacterial cytokinesis by inhibiting 
FtsZ assembly. Biochemistry 53, 6426–6429 (2014).
128 Ghosal A, Nielsen PE. Potent antibacterial antisense 
peptide-peptide nucleic acid conjugates against Pseudomonas 
aeruginosa. Nucl. Acid Ther. 22, 323–334 (2012).
129 Meng JR, Da F, Ma X et al. Antisense growth inhibition of 
methicillin-resistant Staphylococcus aureus by locked nucleic 
acid conjugated with cell-penetrating peptide as a novel FtsZ 
inhibitor. Antimicrob. Agents Chemother. 59, 914–922 (2015).
lable at ScienceDirect
European Journal of Medicinal Chemistry 139 (2017) 612e632Contents lists avaiEuropean Journal of Medicinal Chemistry
journal homepage: http: / /www.elsevier .com/locate/ejmechResearch paperA novel class of thiosemicarbazones show multi-functional activity for
the treatment of Alzheimer's disease
Duraippandi Palanimuthu a, Rachal Poon a, Sumit Sahni a, Rukhsana Anjum a,
David Hibbs b, Hsuan-Yu Lin b, Paul V. Bernhardt c, Danuta S. Kalinowski a, *,
Des R. Richardson a, **
a Molecular Pharmacology and Pathology Program, Department of Pathology and Bosch Institute, The University of Sydney, Sydney, New South Wales, 2006,
Australia
b Faculty of Pharmacy, The University of Sydney, Sydney, New South Wales, 2006, Australia
c School of Chemistry and Molecular Biosciences, University of Queensland, Brisbane, 4072, Australiaa r t i c l e i n f o
Article history:
Received 2 June 2017
Received in revised form
7 July 2017
Accepted 7 August 2017
Available online 9 August 2017
Keywords:
Alzheimer's disease
Acetylcholinesterase
Thiosemicarbazone
Iron chelator
Oxidative stress
AutophagyAbbreviations: AD, Alzheimer's disease; Ab,
dimethylaminomethyl-8-hydroxyquinoline; ROS, rea
pyridylketone 4,4-dimethyl-3-thiosemicarbazone;
dihydroxybenzaldehyde 4-(1-benzylpiperidin-4-yl)th
QBPT, 8-hydroxy-2-quinolinecarboxaldehyde 4-(1-b
pyridinecarboxaldehyde 4-(1-benzylpiperidin-4-yl)th
hyde 4-(1-benzylpiperidin-4-yl)thiosemicarbazone; P
EDTA, ethylenediaminetetraacetic acid; HEPES, 2-[4-
mide; Tf, transferrin.
* Corresponding author. Molecular Pharmacology
Sydney, Sydney, New South Wales, 2006, Australia.
** Corresponding author. Molecular Pharmacology
Sydney, Sydney, New South Wales, 2006, Australia.
E-mail addresses: danuta.kalinowski@sydney.edu.
http://dx.doi.org/10.1016/j.ejmech.2017.08.021
0223-5234/© 2017 Elsevier Masson SAS. All rights rea b s t r a c t
Over 44 million people live with Alzheimer's disease (AD) worldwide. Currently, only symptomatic
treatments are available for AD and no cure exists. Considering the lack of effective treatments for AD
due to its multi-factorial pathology, development of novel multi-target-directed drugs are desirable.
Herein, we report the development of a novel series of thiosemicarbazones derived from 1-
benzylpiperidine, a pharmacophore within the acetylcholinesterase inhibitor, Donepezil. These thio-
semicarbazones were designed to target ﬁve major AD hallmarks, including: low acetylcholine levels,
dysfunctional autophagy, metal dys-homeostasis, protein aggregation and oxidative stress. Of these
thiosemicarbazones, pyridoxal 4-N-(1-benzylpiperidin-4-yl)thiosemicarbazone (PBPT) emerged as the
lead compound. This agent demonstrated the most promising multi-functional activity by exhibiting
very low anti-proliferative activity, substantial iron chelation efﬁcacy, inhibition of copper-mediated
amyloid-b aggregation, inhibition of oxidative stress, moderate acetylcholinesterase inhibitory activity
and autophagic induction. These diverse properties highlight the potential of the lead ligand, PBPT, as a
promising multi-functional agent for AD treatment.
© 2017 Elsevier Masson SAS. All rights reserved.1. Introduction
Alzheimer's disease (AD) is the most common form of dementia
in which neurons, particularly in the hippocampus and entorhinal
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The expected increase in the rate of dementia cases is predicted to
be 3- to 4-fold higher in developing nations than in developed
nations [4].
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Fig. 1. Design strategy utilized to generate the novel multi-functional 4-(1-
benzylpiperidin-4-yl)thiosemicarbazone (BPT) series examined herein. This strat-
egy combines pharmacophores from metal chelating thiosemicarbazones and the
AChE inhibitor, Donepezil.
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tantly contribute to AD progression, including: (1) decreased
acetylcholine (ACh) levels [5]; (2) dys-homeostasis of metal
metabolism [6]; (3) amyloid-b (Ab) and tau aggregation, resulting
in the generation of senile plaques and neuroﬁbrillary tangles,
respectively [7]; (4) generation of oxidative stress [8]; and (5) the
dysregulation of autophagy [9].
ACh is a neurotransmitter released by cholinergic neurons that
are responsible for cognition [10,11], and unfortunately, these
cholinergic cells degenerate in AD patients [12]. As a result, ACh
levels decline markedly in the central nervous system of AD pa-
tients [13]. Several acetylcholinesterase (AChE) inhibitors,
including the FDA approved drugs, Donepezil (Fig. 1) [14], Riva-
stigmine and Galantamine, have been shown to enhance cholin-
ergic transmission by inhibiting the degradation of ACh into choline
[15,16]. Nevertheless, these agents do not alter the course of AD.
Dys-homeostasis of bioavailable transition metal ions, such as
iron (Fe), copper (Cu), and zinc (Zn), are considered to be another
hallmark of AD [6,17]. In fact, these metal ions were found to
accumulate at 3- to 7-fold higher levels in AD patients than in
healthy individuals and modulate several key intracellular events
that relate to AD pathology [18]. The accumulation of Fe, Cu and Zn
are thought to facilitate the self-aggregation of Ab via metal-
peptide chelation to form senile plaques, which are deposited
outside of neurons [19]. Moreover, Fe in its Fe(III) state is thought to
contribute to the aggregation of hyper-phosphorylated tau protein
to form intracellular neuroﬁbrillary tangles [20]. The inappropriate
accumulation of redox-active Fe and Cu also causes oxidative
damage to neurons via the generation of deleterious reactive oxy-
gen species (ROS) through Haber-Weiss and Fenton-type reactions
[8]. The resultant oxidative damage is consequently implicated in
Ab peptide aggregation [8].
Chelation therapy has been proposed as potentially useful for
the treatment of AD [6,21,22], with the clioquinol-based chelator,
5,7-dichloro-2-dimethylaminomethyl-8-hydroxyquinoline (PBT2),
mediating an improvement in cognition via inhibition of metal-
induced Ab aggregation in pre-clinical mice models and a human
Phase I clinical trial [23]. Subsequent phase II clinical trials
demonstrated that PBT2 was well tolerated in patients with mild
AD, but larger trials are necessary to demonstrate efﬁcacy in terms
of cognitive improvement [24].
Autophagy is a major degradation mechanism in the cell that
plays a central role in neuroprotection by facilitating the removal of
aggregated proteins [25]. However, impaired autophagic clearance
in AD has been suggested to lead to incomplete lysosomal/autoly-
sosomal digestion and the accumulation of partially digested pep-
tides, such as Ab and tau, which aggregate to form senile plaques
and neuroﬁbrillary tangles, respectively [26,27].
In view of the complex multifactorial etiology of AD described
above, an effective treatment for AD is likely to require an agent
with multiple mechanisms of action that can simultaneously target
the major hallmarks of the disease. This therapeutic strategy is in
contrast to current therapeutics for this disease that target only one
major facet of AD pathology and provide symptomatic relief
without treating the underlying disease processes [28]. To target
the multiple pathologies of AD, multi-target directed ligands that
fuse active pharmacophores from various ligands represents a
promising drug design strategy [28e36]. Notably, several multi-
target directed ligands that incorporate the benzylpiperidine
pharmacophore from Donepezil to inhibit AChE have been exam-
ined as novel therapeutics for AD [29,37e39]. Moreover, multi-
target directed ligands that utilize metal chelators have also
shown some promising therapeutic potential [36,37,40]. Consid-
ering this, we have developed a series of novel compounds that
contain the benzylpiperidine pharmacophore from Donepezil andthe metal-chelating thiosemicarbazone moiety (Fig. 1). This design
strategy enables: (1) chelation of redox-active metals (to prevent
ROS generation and the production of protein aggregates); (2) in-
hibition of AChE activity (to increase ACh levels); and (3) the in-
duction of autophagy (to remove toxic protein aggregates).
Moreover, the unique group of thiosemicarbazones designed in this
investigation demonstrated generally low cytotoxicity, which is
another key property for AD treatment.2. Results and discussion
2.1. Design strategy
Thiosemicarbazones demonstrate potent metal chelation ac-
tivity both in vitro and in vivo [41,42]. In our laboratory, we have
D. Palanimuthu et al. / European Journal of Medicinal Chemistry 139 (2017) 612e632614utilized this molecular scaffold to develop various biologically
active ligands [43,44]. These agents are lipophilic and highly
bioavailable with appropriate pharmacokinetics and potently bind
metal ions, such as Fe and Cu [45], that play a major role in the
pathogenesis of AD [46]. Recently Gomes et al. identiﬁed that 8-
hydroxyquinoline-based thiosemicarbazones also inhibit Cu-
induced Ab aggregation by sequestering Cu, and thus, these
agents have anti-oxidant potential [47]. All these properties
inspired us to implement a lipophilic thiosemicarbazone scaffold in
our drug design strategy for AD treatment.
Donepezil is an AChE inhibitor clinically used to treat AD that
consists of the benzylpiperidine and indanone moieties. Recent
crystallographic studies have revealed that the benzylpiperidine
fragment interacts with the catalytic active site of AChE to inhibit
the enzyme, whereas the indanone fragment interacts with the
peripheral anionic site of AChE through aromatic stacking in-
teractions [38,48,49]. Therefore, we incorporated the benzylpiper-
idine moiety at the terminal N4 atom of the thiosemicarbazone
backbone to mediate AChE inhibition (Fig. 1). Moreover, we chose
various aldehydes with different donor atom capacities (i.e., N,N,S
or O,N,S), which plays an important role in the redox chemistry of
their metal complexes and aromatic character in order to generate
a variety of thiosemicarbazones to assess their therapeutic
potential.2.2. Chemistry
The reagent, 4-(1-benzylpiperidin-4-yl)thiosemicarbazide, was
prepared from 4-amino-1-benzylpiperidine as shown in Scheme 1
using a standard procedure [50]. The resulting thiosemicarbazide
was then further reacted with appropriate aroyl aldehydes by the
Schiff base condensation route to generate 4-(1-benzylpiperidin-4-
yl)thiosemicarbazone (BPT) derivatives. These agents were thor-
oughly characterized by 1H and 13C NMR (Supplementary Material
Figs. S1eS8), electrospray ionization mass spectrometry (ESI-MS;
Figs. S9eS16), and in some cases, by X-ray crystallography and the
purity assessed by elemental analysis. The resulting ligands were
sparingly soluble inwater and ethanol, but were completely soluble
in polar aprotic solvents, such as DMF and DMSO. Indeed, phar-
macologically relevant concentrations were readily prepared from
DMSO stock solutions of 20 mM to generate stable working solu-
tions of 100 mM in cell culture media (DMSO ﬁnal concentration:
 0.5% v/v).
We also synthesized the resultant 1:1 (Cu(II)/ligand) copper
complexes and 1:2 (Fe(III)/ligand) iron complexes (see
SupplementaryMaterial for synthesis and characterization). The Cu
complexes were prepared by reﬂuxing equimolar amounts of the
thiosemicarbazone and cupric chloride in ethanol, whereas the iron
complexes were prepared by reaction of an aqueous ethanolScheme 1. Synthetic route for the preparation of the novel BPT series. Reagents and cond
2 h; (c) aroyl aldehydes, ethanol, acetic acid, reﬂux, 2 h.solution of the thiosemicarbazone with ferric perchlorate at a
2:1 molar ratio. This was done to satisfy the octahedral coordina-
tion of ironwith the tridentate thiosemicarbazone ligands. All these
complexes were characterized by standard techniques, including
ESI-MS, elemental analysis, and in one case, by X-ray
crystallography.2.3. X-ray diffraction
The structures of the ligands and resultant metal complexes are
important to decipher in order to completely understand their
biological activity. The molecular structures of the ligands, [HSBPT]
[OAc] and PCBPT, were determined using single crystal X-ray
crystallography (Fig. 2A and B; crystallographic data is available in
the Supplementary Material: Table S1). The crystal structure of
[HSBPT][OAc] ﬁnds the piperidine N-atom (N4) protonated (Fig. 2A)
and strongly H-bonded to the acetate anion (N4H…O3 1.73 Å,
173.84B). In this case, acetic acid from the synthesis has carried
through to the ﬁnal product. The acetate anion is also H-bonded to
the phenol OH group from an adjacentmolecule (O1H…O21.75 Å,
166.6B). The phenol OH is anti to the imine N-atom (N1). The
atoms, N1 and S1, are also in an anti-disposition (Fig. 2A), so the
ligand must rearrange in the presence of a metal ion in order to
bind as a tridentate chelator.
The crystal structure of PCBPT (Fig. 2B; crystallographic data is
available in Table S1) reveals a similar ligand conformationwith the
potential donor atom pairs N1/N2 and N2/S1 also in an anti-
conﬁguration. In this case, the piperidine N-atom is not protonated
and the only H-bonding contact of note in the structure of PCBPT
involves an intermolecular interaction between the thio-
semicarbazone NH and the pyridyl ring (N3H…N12.17 Å,163.4B).
The chelating moieties of both [HSBPT][OAc] and PCBPT (extending
from the phenol/pyridyl ring to the thiosemicarbazone N4-atom)
are essentially ﬂat and all dihedral angles in this region are within
6B of planarity.
The crystal structure of the Cu complex, [Cu(SBPT)Cl2], was also
determined (Fig. 2C; crystallographic data can be found in Table S1).
The thiosemicarbazone ligand coordinates in a zwitterionic form
with deprotonation of the phenolic OH (O1) and protonation of the
piperidine N-atom (N4). The coordination geometry is formally
axially elongated square pyramidal (Fig. 2C), with one equatorially
bound chlorido ligand (CuCl1 2.2613(8) Å) and one very weakly
bound chlorido ligand in the axial coordination site (Cu…Cl2
2.9045(8) Å). The thiosemicarbazone coordinates in its thioamide
tautomeric form, and thus, the thiocarbonyl bond (C8S1 1.712(3)
Å) has essentially double bond character and is not signiﬁcantly
different from that found in the structure of [HSBPT][OAc] above
(1.693(1) Å). Other chlorido Cu(II) complexes of salicylaldehyde
thiosemicarbazones also are found exclusively in the thioamideitions: (a) CS2, NaOH, H2O, sodium chloroacetate, HCl, RT; (b) hydrazine hydrate, 90 C,
Fig. 2. X-ray crystal structures of (A) [HSBPT][OAc], (B) PCBPT and (C) [Cu(SBPT)Cl2]. Thermal ellipsoids were drawn at 50% probability level.
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the Cu-S coordinate bond lengthwithin these analogues (2.226(2)
2.2785(8) Å) with the bond in [Cu(SBPT)Cl2] being the longest of the
series. Interestingly, other chlorido thiosemicarbazone Cu com-
plexes are genuinely square planar [53]. Hence, it appears that the
negative charge of the weakly coordinated axial chlorido ligand in
[Cu(SBPT)Cl2] is responsible for elongating the Cu-S bond in this
structure (Fig. 2C).
2.4. Electrochemistry and EPR spectroscopy of copper and iron
complexes
Several studies, including those performed in our laboratories,
have shown that the biological activity of thiosemicarbazones is
often associated with their ability to mediate Fenton chemistry
upon complexation with intracellular Fe and Cu [43,54,55].
Therefore, we examined the electrochemical behavior of the pre-
pared copper and iron complexes in buffered DMF: H2O (7:3). This
solvent combination was particularly used to ensure solubility and
to enable comparisons to our previous studies that have examined
a broad range of thiosemicarbazone complexes using this solvent
mixture [56,57]. EPR spectroscopy was also used to probe the na-
ture of the paramagnetic Cu(II) or Fe(III) metal ions.
2.4.1. Copper complexes
The EPR spectra of the copper complexes of PBPT, SBPT and
NBPT, suggested formation of mixtures of 1:1 CuIIL complexes with
different coordinationmodes in a DMF:H2O (7:3) solution (Fig. S17).
It appears that bidentate N,S (peaksmarkedwith a *) and tridentate
O,N,S (peaks marked with a #) are possible coordination modes,
where the tridentate species is preferred over the bidentate species
for these complexes. However, no evidence of CuL2 species for-
mation was observed (Fig. S17). The cyclic voltammetric data
(Fig. S18) further indicate that these complexes exhibit an irre-
versible Cu(II/I) couple (reduction to Cu(I) followed by rapid partial
dissociation of one ligand with re-oxidation at a higher potential).
The EPR data of the copper complexes of PCBPT, QBPTand 8-OH-
QBPT indicate the formation of mixtures of 1:1 CuL complexes
again with bi- (N,S) and tridentate (N,N,S) coordination (Fig. S17).
Notably, the copper QBPT complex is dominantly present as a
bidentate coordinated complex. This is possibly due to steric effects
repelling the quinoline ring, while the Cu complexes of PCBPT and
8-OH-QBPT could be a 50:50 mixture. This latter suggestion is
supported by the cyclic voltammetry, where the higher potential
Cu(II/I) wave for the copper QBPT complex (bidentate coordinated
complex) is separate from the overlapping lower potential wave of
tridentate copper PCBPTcomplex and its higher potential bidentate
complex wave (Fig. S18). The copper complexes of 8-OH-QBPT
showed two reduction waves.
Interestingly, the Cu complexes of 2,3-OH-BBPT and 2,3,4-OH-
BBPT again form mixtures of 1:1 CuL complexes, where the tri-
dentate species is more favored for Cu 2,3-OH-BBPT and bidentate
for Cu 2,3,4-OH-BBPT (Fig. S17). The 2,3-OH-BBPT Cu complex
exhibited a markedly lower redox potential compared to the other
Cu complexes (Fig. S18). None of the Cu(II) complexes are able to
undergo reversible reduction to Cu(I).
2.4.2. Iron complexes
The 1:2 Fe:L complexes exhibited a variety of properties across
this series of ligands. The Fe complexes of PBPT, SBPT, NBPT, PCBPT,
QBPT and 2,3-OH-BBPT all showed EPR spectra consistent with low
spin Fe(III) complexes in axial or rhombic ligand ﬁelds (Fig. S19).
The four O,N,S bis-ligand Fe(III) complexes (PBPT, SBPT, NBPT and
2,3-OH-BBPT) gave similar axial EPR spectra (gz, gy ¼ 2.134,
gx ¼ 1.920), while the corresponding N,N,S Fe(III) complexes ofPCBPT and QBPT showed rhombic spectra, but with signiﬁcantly
different g values; gz ¼ 2.134, gy ¼ 2.094, gx ¼ 1.960 and gz ¼ 2.150,
gy¼ 2.076, gx¼ 1.970, respectively. The greater g-aniosotropy in the
quinoline containing Fe(III)-QBPT complex suggests a structure that
is more distorted from octahedral symmetry than in the pyridyl
analogue, PCBPT. The EPR spectrum of the Fe complex of 8-OH-
QBPT demonstrated that it is a high spin Fe(III) complex, while the
Fe complex of 2,3,4-OH-BBPT was EPR silent. This ﬁnding strongly
suggested that the latter is a Fe(II) complex.
Cyclic voltammetry of the Fe complexes showed a similar di-
versity of behavior (Fig. S20). The O,N,S-coordinated Fe complexes
of PBPT, SBPT, NBPT, 8-OH-QBPT and 2,3-OH-QBPT are essentially
the same exhibiting a low potential cathodic peak (~¡400 mV vs.
NHE) and an anodic peak at approximately 0 mV. This is indicative
of a rapid partial dissociation of the complex upon reduction to
Fe(II), which is then re-oxidized at a higher potential. The low po-
tential at which these complexes are reduced strongly suggests that
they will not be redox active under biological conditions. In
contrast, the Fe complexes of the N,N,S ligands, PCBPT and QBPT,
exhibit totally reversible Fe(III/II) couples at
approximately þ130 mV vs. the normal hydrogen electrode (NHE).
These latter data are very similar to characterized pyridyl thio-
semicarbazone complexes we have reported previously [54]. The Fe
complex of 2,3,4-OH-BBPT does not exhibit any metal-centered
redox responses in the potential range investigated.
2.5. The anti-proliferative activity of the BPT analogues and their
metal complexes using SK-N-MC neuroepithelioma cells
Having demonstrated that the BPT analogues can form copper
and iron complexes, studies then assessed their anti-proliferative
activity using SK-N-MC neuroepithelioma cells after a 72 h incu-
bation (Table 1). This cell-type was used as it has been imple-
mented as a neural cell model in studies assessing agents for the
treatment of AD [58,59]. Thewell-characterizedmetal chelators, di-
2-pyridylketone 4,4-dimethyl-3-thiosemicarbazone (Dp44mT), a
chelator with potent anti-proliferative activity [43,44], and des-
ferrioxamine (DFO), a clinically used chelator for iron overload
disease [60], were used as controls as their anti-proliferative efﬁ-
cacy against SK-N-MC cells is well described [44,60]. We also
assessed the cytotoxicity of the clinically used AD drug, Donepezil,
which was implemented as a scaffold for the design of BPT ana-
logues (Fig. 1). In these studies, DFO and Dp44mT displayed IC50
values of 16.81 mM and 0.013 mM, respectively (Table 1), which is in
good agreement with our previous studies examining these agents
[44,61]. However, Donepezil, showed no appreciable anti-
proliferative activity with an IC50 value of >100 mM (Table 1).
Importantly, all the novel BPT series of agents showed poor anti-
proliferative activity and signiﬁcantly (p < 0.001) decreased anti-
proliferative efﬁcacy relative to Dp44mT (Table 1). Notably, PBPT
demonstrated an IC50 value that was >100 mM and was the least
cytotoxic of all the novel agents examined (Table 1). Similarly, SBPT,
8-OH-QBPT and 2,3,4-OH-BBPT showed low anti-proliferative ac-
tivity (i.e., IC50: 34.41 mM, 36.14 mM and 79.14 mM, respectively) and
were signiﬁcantly (p < 0.001) less effective than DFO (Table 1). Both
2,3-OH-BBPT and QBPT showed IC50 values (IC50: 16.85 mM and
17.71 mM, respectively) that were comparable (p > 0.05) to DFO
(Table 1). The ligands, NBPT and particularly PCBPT, demonstrated
the greatest anti-proliferative activity of the BPT series (IC50:
8.86 mM and 4.23 mM, respectively), with IC50 values that were
signiﬁcantly (p < 0.001) less than DFO (Table 1).
The greater anti-proliferative efﬁcacy of PCBPT relative to the
other BPT agents could be due to the ability of this N,N,S ligand to
form redox active Fe complexes after binding intracellular Fe (as
described above; see Electrochemistry and EPR Spectroscopy of
Table 1
Anti-Proliferative Activity (IC50 in mM) of the Novel BPT Analogues and their Copper
and Iron Complexes Against SK-N-MC Neuroepithelioma Cells, as Determined by the
MTT Assaya.
Compound Ligand (L) CuII(L) FeIII(L2)
DFO 16.81 ± 3.87 9.83 ± 0.38 >25b
Dp44mT 0.013 ± 0.01 0.014 ± 0.01 2.00 ± 0.49
Donepezil >100 83.33 ± 7.60 >100
PBPT >100 46.18 ± 7.97 >100
SBPT 34.41 ± 1.24 1.30 ± 0.14 77.99 ± 11.58
NBPT 8.86 ± 0.10 1.81 ± 0.53 52.90 ± 8.34
PCBPT 4.23 ± 1.41 0.43 ± 0.02 1.33 ± 0.11
QBPT 17.71 ± 0.70 3.86 ± 1.28 1.20 ± 0.26
8-OH-QBPT 36.14 ± 3.24 1.87 ± 0.50 >100
2,3-OH-BBPT 16.85 ± 0.96 0.40 ± 0.09 23.99 ± 4.85
2,3,4-OH-BBPT 79.14 ± 0.36 12.22 ± 0.09 80.06 ± 13.57
a SK-N-MC cells (15,000 cells/well) were seeded in 96-well plates and incubated
for 24 h/37 C and the cells then treated with control medium or compounds for
72 h/37 C. IC50 values are shown as mean ± SD (3 experiments).
b IC50 was measured for the 1:1 FeIII-DFO complex (as dictated by stoichiometry).
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previously that such N,N,S ligands demonstrate high anti-
proliferative activity [43,54]. In summary, these data demonstrate
the lowanti-proliferative activity of the BPT series in SK-N-MC cells,
which supports their utility as agents for AD treatment.
Since the BPTanalogues were designed to formmetal complexes
with endogenous copper and iron, we also examined the anti-
proliferative efﬁcacy of their 1:1 Cu: ligand and 1:2 Fe: ligand
complexes towards SK-N-MC cells (Table 1). The anti-proliferative
activity of the copper and iron complexes of the controls, DFO,
Dp44mTand Donepezil, were also assessed. The Cu complex of DFO
showed a signiﬁcant (p < 0.001) increase in anti-proliferative ac-
tivity relative to the free ligand, as observed previously [62].
Although the Cu complex of Dp44mT showed similar anti-
proliferative activity to its free ligand, Donepezil in the presence
of Cu demonstrated increased anti-proliferative activity relative to
Donepezil alone (Table 1). As shown previously [62], the Fe com-
plexes of DFO and Dp44mT showed signiﬁcantly (p < 0.001)
decreased anti-proliferative activity compared to their respective
ligands (Table 1). The anti-proliferative efﬁcacy of Donepezil in the
presence of iron was similar to that observed for Donepezil alone
(>100 mM; Table 1).
It is apparent that all the novel Cu complexes of the BPT ana-
logues displayed signiﬁcantly (p < 0.001) higher anti-proliferative
activity than the corresponding ligands (Table 1). Interestingly,
the Fe complexes of all novel chelators, except PCBPT and QBPT,
exhibited signiﬁcantly (p < 0.001e0.05) lower anti-proliferative
efﬁcacy compared to their respective ligands (Table 1). These
ﬁndings suggest that the Fe complexes of the BPT ligands, apart
from those derived from PCBPT and QBPT, are not biologically
reactive (e.g., in terms of ROS generation). This was in concordance
with the low potential at which these Fe complexes are reduced
(see above: Electrochemistry and EPR Spectroscopy of Copper and Iron
Complexes). In contrast, the Fe complexes of PCBPT and QBPT
exhibited signiﬁcantly (p < 0.001) potentiated cytotoxicity
compared to the corresponding ligands. Again, this observationwas
in good agreement with the electrochemistry of their Fe complexes,
which was reversible, and within a range previously demonstrated
to lead to redox activity [43,54].
In summary, the BPT series have generally low anti-proliferative
efﬁcacy. While Fe complexation resulted in generally attenuated
cytotoxicity, Cu complexation led to potentiated cytotoxic effects
relative to the free ligand. Although Cu complexation increased
their anti-proliferative efﬁcacy of the BPT ligands, it is notable thatthe activity of the novel Cu complexes was markedly less than that
of Dp44mT or its Cu complex (Table 1). Collectively, amongst the
BPT series of analogues, PBPT and its Fe or Cu complex demon-
strated the poorest anti-proliferative efﬁcacy, which is a desirable
characteristic for the long-term treatment of AD.
2.6. The effect of the BPT analogues on 59Fe release from prelabeled
cells
Accumulation of Fe is a common feature of AD brains [8,63],
which leads to oxidative stress through the generation of ROS and
aggregation of both Ab and tau [6]. We examined the Fe chelation
efﬁcacy of the BPT analogues to evaluate their ability to bind
intracellular Fe and release it from SK-N-MC neuroepithelioma cells
(Fig. 3A). These results were compared to three controls, namely:
(1) Dp44mT, a well characterized thiosemicarbazone with high Fe
mobilization efﬁcacy [43]; (2) DFO, a clinically used chelator
implemented for the treatment of Fe overload disease [64] and also
AD [65] that has poor BBB permeability, and thus, low efﬁcacy [66];
and (3) Donepezil, an AChE inhibitor used for AD treatment [48],
which is not a known chelator, but was used as a control, as the
current BPT series contains a pharmacophore-derived from this
inhibitor (Fig. 1).
In these experiments, SK-N-MC cells were prelabeled with the
physiological 59Fe donor, diferric transferrin (59Fe2-Tf), washed and
then reincubated with control medium, or medium containing the
agents (25 mM) using standard methods [56,61,67]. Levels of 59Fe in
the cells and 59Fe released into the overlying medium were then
assessed [56,61,67]. As previously observed [56], the incubation of
prelabeled SK-N-MC cells with control medium alone resulted in
minimal cellular 59Fe release (6% of total cellular 59Fe; Fig. 3A). The
positive control, Dp44mT, signiﬁcantly (p < 0.001) increased 59Fe
mobilization to 49% of total cellular 59Fe (Fig. 3A). In contrast, DFO
showed limited ability to induce 59Fe release from cells, leading to
the mobilization of 15% of cellular 59Fe (Fig. 3A), which was
signiﬁcantly (p < 0.001) higher than control medium, but was
signiﬁcantly (p < 0.001) lower than Dp44mT (Fig. 3A). Donepezil
did not show any signiﬁcant (p > 0.05) effect on 59Fe release
compared to control medium (Fig. 3A), conﬁrming that Donepezil
does not act as an iron chelator due to the lack of appropriate
ligating moieties (Fig. 1).
All novel BPT analogues showed the ability to signiﬁcantly
(p < 0.001) increase cellular 59Fe mobilization compared to the
control, but were signiﬁcantly (p < 0.001) less effective than
Dp44mT (Fig. 3A). Notably, PBPT, SBPT and 2,3-OH-BBPT were the
most effective of the BPT analogues and signiﬁcantly (p < 0.001)
increased 59Fe release (i.e., 31%, 28% and 29%, respectively) relative
to DFO (Fig. 3A). Additionally, NBPT, PCBPT, 8-OH-QBPT and 2,3,4-
OH-BBPT showed comparable 59Fe mobilization efﬁcacy (i.e., 16%,
18%, 17% and 14%, respectively) to that of DFO. Finally, QBPT showed
the poorest ability to mediate cellular 59Fe release (10% of cellular
59Fe) of this series and was signiﬁcantly (p < 0.01) less active than
DFO (Fig. 3A). No strong correlation was observed between the
ability of the BPT series tomediate cellular 59Fe release and their log
Pcalc values (R2 ¼ 0.3274) or IC50 values (R2 ¼ 0.0264). Collectively,
amongst this series of analogues, PBPT, SBPT and 2,3-OH-BBPT
demonstrated the greatest efﬁcacy at mobilizing cellular 59Fe.
2.7. The effect of the BPT series on inhibiting 59Fe uptake from 59Fe-
Transferrin
Considering the ability of the BPT analogues to induce cellular
59Fe release, experiments then examined the activity of these
agents to inhibit iron uptake from 59Fe2-Tf by SK-N-MC cells
(Fig. 3B). In these studies, the chelators (25 mM) were incubated
Fig. 3. (A) The effect of the BPT series of analogues on 59Fe release from prelabeled
SK-N-MC neuroepithelioma cells. Cells were incubated with 59Fe2-Tf (0.75 mM) for
3 h/37 C, washed four times with ice-cold PBS and then re-incubated in the presence
or absence of the control compounds (25 mM) or novel BPT analogues (25 mM) for 3 h/
37 C. The release of 59Fe from the cells mediated by the agents was then assessed. (B)
The effect of the BPT series of analogues on 59Fe uptake from 59Fe-transferrin
(59Fe2-Tf) by SK-N-MC neuroepithelioma cells. Cells were incubated with 59Fe2-Tf
(0.75 mM) alone (control), the control compounds (25 mM), or the novel BPT analogues
(25 mM) for 3 h/37 C. The cells were then washed four times with ice-cold PBS, and
incubated with protease (1 mg/mL) for 30 min/4 C to examine internalized 59Fe up-
take. Results are expressed as the mean ± SD (3 experiments). **p < 0.01, ***p < 0.001
versus the control. ###p < 0.001 versus Dp44 mT Cp < 0.05, CCp < 0.01, CCCp < 0.001
versus DFO.
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iron to cells via endocytosis [68]. The ability of the chelators to
inhibit the internalization of 59Fe into cells was examined using
standard methodology [61,67]. As utilized in the iron mobilization
studies above, Dp44mT, DFO and Donepezil (25 mM) were imple-
mented as relevant controls (Fig. 3B).
As previously observed [43], Dp44mT could markedly and
signiﬁcantly (p < 0.001) inhibit cellular 59Fe uptake to 5% of the
control (Fig. 3B). On the other hand, DFO was signiﬁcantly
(p < 0.001) less effective than Dp44mT, but still signiﬁcantly
(p < 0.001) decreased cellular 59Fe uptake to 85% of the control
(Fig. 3B). Donepezil showed little activity (96% of the control) at
reducing 59Fe uptake due to the lack of effective chelation moietiesand was signiﬁcantly (p < 0.001e0.01) less effective than Dp44mT
or DFO (Fig. 3B).
Overall, the BPT series demonstrated varying ability to inhibit
cellular 59Fe uptake (Fig. 3B). All of the BPT analogues were
signiﬁcantly (p < 0.001e0.01) more effective than control media
alone, but were signiﬁcantly (p < 0.001) less effective than
Dp44 mT at inhibiting cellular 59Fe uptake (Fig. 3B). Notably, PBPT
was the most effective agent of the BPT series and decreased
cellular 59Fe uptake to 41% of the control (Fig. 3B). The analogues,
PBPT (41%), SBPT (57%), NBPT (68%), PCBPT (63%) and 2,3-OH-BBPT
(63%), were signiﬁcantly (p < 0.001) more effective than DFO
(Fig. 3B). The least effective analogues at reducing 59Fe uptake were
QBPT, 8-OH-QBPT and 2,3,4-OH-BBPT, which inhibited 59Fe uptake
to 91%, 78% and 93% of the control, respectively (Fig. 3B). While
QBPT and 8-OH-QBPT showed comparable efﬁcacy to DFO, 2,3,4-
OH-BBPT showed signiﬁcantly (p < 0.05) lower efﬁcacy at inhibit-
ing 59Fe uptake relative to DFO (Fig. 3B).
As demonstrated with 59Fe mobilization experiments, no strong
correlation was observed between their ability to inhibit 59Fe up-
take and either their Log Pcalc values (R2 ¼ 0.2064) or IC50 values
(R2 ¼ 0.3094). In conclusion, PBPT demonstrated the most prom-
ising ability of the BPT analogues at inhibiting cellular 59Fe inter-
nalization from 59Fe2-Tf.
2.8. The effect of the iron complexes of the BPT series on ascorbate
oxidation
An important property of chelators for the treatment of Fe-
loading conditions is that they should bind and remove excess Fe
from tissues and also form redox-inactive Fe complexes. This is
critical in diseases, such as AD, where iron accumulation occurs
within plaques and has been reported to play a detrimental role in
inducing oxidative stress [8].
To examine their redox properties, the Fe(III) complexes of the
BPT series of ligands were assessed in terms of their ability to
catalyze ascorbate oxidation via Fe-mediated Fenton chemistry
[56,69]. In these studies, ascorbate was used as a substrate because
of its abundance in neurons and its strong anti-oxidant potential to
protect these cells from oxidative stress [70e72]. For comparison,
the well-known, redox-active Fe(III) complexes of EDTA and
Dp44mTwere included as positive controls [54,56,73]. On the other
hand, the redox inactive Fe(III) complex of DFO was used as a
negative control since it inhibits oxidative stress [54,56,73].
Moreover, we also assessed the ability of Donepezil to mediate
ascorbate oxidation in the presence of Fe(III) (Fig. 1). The ascorbate
oxidation activity of the Fe complexes of QBPT and 2,3,4-OH-BBPT
could not be determined (N.D.) due to their low solubility under the
conditions used in this assay.
In accordance with our previously published results [54,56,73],
the EDTA- and Dp44mT-Fe(III) complexes markedly and signiﬁ-
cantly (p < 0.001) accelerated ascorbate oxidation to 436% and
285% of the control, respectively (Fig. 4A). In contrast, the redox-
inactive Fe(III)-DFO complex signiﬁcantly (p < 0.001) reduced
ascorbate oxidation, decreasing it to 29% of the control, conﬁrming
its anti-oxidative activity (Fig. 4A). Additionally, in the presence of
Fe(III), Donepezil showed comparable levels of ascorbate oxidation
relative to control (Fig. 4A).
Generally, all but one of the Fe(III) complexes of the BPT ana-
logues did not accelerate ascorbate oxidation compared to the
control (Fig. 4A). In fact, the Fe(III) complexes of these agents
signiﬁcantly (p < 0.001) decreased ascorbate oxidation when
compared to the iron complexes of EDTA or Dp44mT (Fig. 4A).
However, all iron complexes of the BPT series showed signiﬁcantly
(p < 0.001) increased levels of ascorbate oxidation relative to DFO
(Fig. 4A). The Fe(III) complexes of PBPT, NBPT, 8-OH-QBPT and 2,3-
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61%, 52%, 69% and 79% of the control, respectively (Fig. 4A), sug-
gesting their anti-oxidant activity. In contrast, the Fe(III) complex of
PCBPT mediated signiﬁcantly (p < 0.001) increased levels of
ascorbate oxidation to 212% of the control (Fig. 4A), suggesting its
pro-oxidative activity. This observation is in agreement with the
reversible cyclic voltammogram observed for this Fe complex. The
Fe(III) complex of SBPT demonstrated a slightly, but signiﬁcantly
(p < 0.01), lower level of ascorbate oxidation (93%) relative to the
control (Fig. 4A).
Collectively, the Fe(III) complexes of PBPT, NBPT, 8-OH-QBPTand
2,3-OH-BBPT inhibited ascorbate oxidation relative to the control.
These observations suggest that these ligands have the potential toFig. 4. (A) The iron complexes of the novel BPT series of analogues do not lead to signiﬁ
(IBE) of 1. The Fe(III) complexes of EDTA, Dp44mT, DFO or Donepezil were used as controls. T
mean ± SD (3 experiments). Activity of the Fe(III) complexes of QBPT and 2,3,4-OH-BBPT w
control.BBBp < 0.001 versus EDTA. ###p < 0.001 versus Dp44 mT CCCp < 0.001 versus DFO
peroxide-mediated cytotoxicity. Cells were pre-incubated with the novel BPT series or th
medium for 2 h/37 C. The medium was removed and the cells were then incubated with
24 h/37 C. The cellular viability was measured using the MTT assay and the results are e
*p < 0.05, ***p < 0.001 versus the control. ##p < 0.01, ###p < 0.001 versus control cells incualleviate the Fe-mediated oxidative stress observed in AD.2.9. The ability of the BPT series to inhibit hydrogen peroxide-
mediated cytotoxicity
To further examine the ability of the BPT series of agents to
protect cells against oxidative stress that is a hallmark of AD [8],
experiments were conducted to examine their efﬁcacy in terms of
protecting SK-N-MC cells from hydrogen peroxide (H2O2)-medi-
ated cytotoxicity (Fig. 4B). In these studies, cells were pre-
incubated for 2 h/37 C with either: serum-free control medium,
the BPT analogues, or the control agents, DFO or Donepezil, at a
concentration of 10 mM [74]. The medium was then removed andcant ascorbate oxidation. The assay was performed using an iron-binding equivalent
he activity of the control group containing FeCl3 only was taken to be 100%. Results are
as not determined (N.D.) due to their low solubility. **p < 0.01, ***p < 0.001 versus the
. (B) The novel BPT series protect SK-N-MC neuroepithelioma cells against hydrogen
e control compounds, DFO or Donepezil, at a concentration of 10 mM in serum-free
fresh serum-free medium alone or serum-free medium containing H2O2 (150 mM) for
xpressed as mean ± S.E.M. (3 experiments) as a percentage of the untreated control.
bated with H2O2.
Fig. 5. Several analogues of the BPT series show moderate inhibition of acetyl-
cholinesterase (AChE) activity relative to the pronounced activity of the positive
controls, Tacrine and Donepezil. In this assay, acetylthiocholine iodide is metabolized
by AChE to form thiocholine and acetic acid. Thiocholine reacts with DTNB to form a
yellow product, 5-thio-2-nitrobenzoic acid, whose formation was measured at 405 nm
by UVevisible spectrophotometry. Results are mean ± SD (3 experiments). **p < 0.01
and ***p < 0.001 versus Donepezil; ##p < 0.01; ###p < 0.001 versus Tacrine.
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medium containing H2O2 (150 mM) for 24 h/37 C. Cellular prolif-
eration was then assessed using the MTT assay. In these studies,
Dp44mT was not used as a control due to its potent cytotoxicity
under the conditions implemented for these experiments.
The incubation of control cells with medium containing H2O2
led to a signiﬁcant (p < 0.001) decrease in cellular proliferation to
56% of the control (Fig. 4B). Importantly, over the short incubation
utilized (24 h), the control agents, DFO and Donepezil alone, did not
exhibit any signiﬁcant (p > 0.05) anti-proliferative activity relative
to the control (Fig. 4B). Additionally, these agents also protected
cells from H2O2-mediated cytotoxicity, with DFO and Donepezil
signiﬁcantly (p < 0.001) increasing cellular proliferation to 89% and
74%, respectively, relative to control cells incubated with H2O2
(Fig. 4B).
Pre-incubation of cells with PBPT or SBPT alone did not
demonstrate any signiﬁcant (p > 0.05) effect on proliferation rela-
tive to control cells (Fig. 4B). In contrast, NBPT, PCBPT, QBPT, 8-OH-
QBPT, 2,3-OH-BBPT, or 2,3,4-OH-BBPT alone mediated a signiﬁcant
(p < 0.001e0.05) decrease in cellular proliferation (58e94%) rela-
tive to control cells (Fig. 4B). All of the BPT analogues, except NBPT,
could alleviate the H2O2-mediated inhibition of proliferation and
signiﬁcantly (p < 0.001e0.01) increased proliferation to 66e87% of
the control relative to control cells incubated with H2O2 alone
(Fig. 4B). Notably, the inability of NBPT to alleviate the H2O2-
mediated inhibition of proliferation is likely due to the potential
cytotoxicity of this ligand itself. (Fig. 4B).
Collectively, these studies demonstrated that all BPT analogues
(except NBPT) could alleviate H2O2-mediated anti-proliferative
activity. Both PBPT and SBPT were able to alleviate H2O2-medi-
ated inhibition of proliferation without inducing cytotoxic effects
on their own, suggesting their potential to prevent oxidative stress
in AD.
2.10. Acetylcholinesterase (AChE) inhibition by the BPT series
As another integral component of its complex pathology, low
acetylcholine levels are implicated to play a role in the cognitive
decline in AD [75]. The inhibition of AChE has been demonstrated
to increase ACh levels in the brain and alleviate cognitive deﬁcits,
with several AChE inhibitors already commercially available in the
clinics (e.g., Donepezil) [48,76,77]. To induce AChE inhibition, the
benzylpiperidine scaffold of Donepezil was chosen as a key frag-
ment to be combined with the thiosemicarbazone moiety as the
benzylpiperidine moiety of Donepezil strongly interacts with the
active site of AChE [49]. Thus, the BPT series were examined for
their in vitro inhibitory activity against AChE and their potencies
were compared to the well-known AChE inhibitors, Donepezil and
Tacrine [78]. The inhibition of AChE by the agents was expressed as
IC50 values and presented in Fig. 5.
As expected, the positive controls, Donepezil and Tacrine,
showed potent inhibition of AChE with IC50 values in the sub-
micromolar range, namely 0.067 and 0.11 mM, respectively
(Fig. 5). In contrast, all novel BPT analogues demonstrated IC50
values in the micromolar range (1.02e22.61 mM), which were
signiﬁcantly (p < 0.001e0.01) increased relative to that of Done-
pezil and Tacrine. Among the BPT analogues, NBPT and 2,3-OH-
BBPTexhibited the greatest AChE inhibition, with IC50 values of 1.23
and 1.02 mM, respectively (Fig. 5).
When comparing the IC50 values of the mono- (i.e., SBPT), di-
(i.e., 2,3-OH-BBPT), and tri-hydroxy (i.e., 2,3,4-OH-BBPT) benzal-
dehyde analogues, it was found that the di-hydroxy analogue, 2,3-
OH-BBPT, showed the most potent AChE inhibitory activity with an
IC50 value of 1.02 mM (Fig. 5). However, either the removal (SBPT) or
addition (2,3,4-OH-BBPT) of a single hydroxyl group resulted in asigniﬁcant (p < 0.001) decrease in AChE inhibitory activity relative
to 2,3-OH-BBPT by 4.5- or 22.2-fold, respectively (Fig. 5). Interest-
ingly, the pyridoxal analogue, PBPT, that contains one hydroxyl
group bonded directly to the pyridoxal ring, showed an IC50 value
(4.93 mM) that was similar to SBPT, despite the presence of other
substituents on the ring. The pyridine analogue (PCBPT), devoid of a
hydroxyl group, showed lower activity compared to SBPT (Fig. 5).
Together, these results suggest that 2,3-OH-BBPT bearing two hy-
droxyl groups showed better AChE inhibition.
The fusion of an additional aromatic ring to either pyridine (to
form QBPT and 8-OH-QBPT), or salicylaldehyde (to form NBPT)
resulted in increased AChE inhibitory activity by at least 3-fold
relative to their single aromatic ring counterparts (i.e., PCBPT and
SBPT, respectively; Fig. 5). This observation suggests that the
additional aromatic moiety enhances the hydrophobic interactions
with AChE. Hence, these structure-activity relationships provide
impetus for future synthetic approaches.
In summary, all compounds, except 2,3,4-OH-BBPT, showed the
potential to act as moderate AChE inhibitors.
2.11. Molecular docking studies
To understand the mode of interaction between the BPT ana-
logues and AChE, we performed molecular docking studies of the
most active AChE inhibitor, 2,3-OH-BBPT (IC50 ¼ 1.02 mM), and the
lead compound, PBPT (IC50¼ 4.93 mM), in comparison to Donepezil
in the active site of the human AChE enzyme (PDB ID: 4EY7). This
was performed implementing the molecular mechanics general-
ized born approach using the molecular volume integration and
surface area model (MM-GBSA) via the GLIDE extra precision
(GLIDE-XP) program [79]. The most probable ligand-protein inter-
action at the active site was estimated that resulted in a negative
GLIDE docking score and binding free energies (MMGBSA-dG-
Bind).
As expected, the positive control, Donepezil, resulted the high-
est docking score (19.63 kcal/mol) with good binding afﬁnity
(88.30 kcal/mol), suggesting its strong interaction with AChE. The
most active BPT analogue, 2,3-OH-BBPT, also showed a strong
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and binding free energy (88.29 kcal/mol). The lead compound,
PBPT, also strongly interacted with AChE, but showed a poorer
docking score (15.12) and binding energy (83.59 kcal/mol) than
2,3-OH-BBPT. The docking diagrams (Fig. 6) further suggest that the
BPT analogues bind to AChE utilizing a similar binding mode to that
of Donepezil (Fig. 6A). For instance, the piperidine NHþ of both 2,3-
OH-BBPT and PBPT interact with TRP86 and TYR337 through pi-
cation interactions (Fig. 6B and C) in a similar manner to Donepe-
zil (Fig. 6A). Additionally, the phenyl ring of 2,3-OH-BBPT and PBPT
interact with TRP86 viap-p interactions (Fig. 6B and C), as observed
for Donepezil (Fig. 6A). Collectively, these docking studies support
the AChE inhibition data (Fig. 5) and highlight the pivotal role of the
benzylpiperidine moiety in the interaction of the BPT analogues
with AChE.
2.12. The effect of the BPT series on inhibiting copper-mediated Ab1-
40 aggregation
It is well known that elevated levels of trace metal ions,
including Cu, Zn and Fe, can be detected in Ab plaque deposits [80].
Furthermore, Cu(II) and Zn(II) facilitate the self-aggregation of the
Ab1-40 and Ab1-42 peptides [81], of which the Ab1-40 isoform is
abundant in cerebrospinal ﬂuid [82]. Therefore, we assessed the
ability of the BPT analogues to inhibit the Cu(II)-mediated aggre-
gation of Ab1-40 using an established turbidity assay [47,83,84].
These studies were performed by incubating equimolar concen-
trations of Ab1-40 (25 mM) and Cu(II) (25 mM) in the presence or
absence of the BPT ligands (25 mM) in HEPES buffer (pH 6.6) fol-
lowed by scattering measurements at 405 nm [47]. The slightly
acidic pH of the HEPES buffer was utilized because Cu(II) facilitates
robust Ab aggregation at this pH [84], and also because acidosis is a
common characteristic of AD brains [85]. Several controls were also
implemented, including: (1) the chelator, diethylenetriamine pen-
taacetic acid (DTPA), which is a known inhibitor of Cu(II)-induced
Ab aggregation [47]; (2) the well-characterized copper chelating
thiosemicarbazone, Dp44mT [43,86]; and (3) the clinically used
AChE inhibitors, Donepezil and Tacrine.
As shown in Fig. 7, the co-incubation of Cu(II) with Ab1-40
signiﬁcantly (p < 0.001) enhanced Ab aggregation relative to Ab1-40
alone. Upon addition of the positive control, DTPA, a signiﬁcant
(p < 0.001) reduction in Cu(II)-mediated Ab1-40 aggregation was
observed, which is likely to be due to its ability to chelate Cu(II), as
demonstrated previously [47]. Similarly, Dp44mT, markedly and
signiﬁcantly (p < 0.001) inhibited Cu(II)-mediated Ab1-40 aggrega-
tion. In contrast, the AChE inhibitors, Donepezil and Tacrine, did not
demonstrate any signiﬁcant (p > 0.05) effect on Cu(II)-mediated
Ab1-40 aggregation, which is likely due to their inability to chelate
Cu(II).
Of all of the novel BPT analogues, PCBPT, 8-OH-QBPT and
especially 2,3-OH-BBPT, exhibited the greatest ability to inhibit
Cu(II)-mediated Ab1-40 aggregation, followed by 2,3,4-OH-BBPT,
PBPT, SBPT and QBPT. All of these aforementioned ligands signiﬁ-
cantly (p < 0.001e0.05) inhibited Cu(II)-mediated Ab1-40 aggrega-
tion. In fact, the ability of 8-OH-QBPT and 2,3-OH-BBPT to inhibit
Cu(II)-mediated Ab1-40 aggregation was comparable to that
observed with DTPA. The ability of NBPT to inhibit the Cu(II)-
mediated aggregation of Ab1-40 could not be determined (N.D.)
due to its low solubility under the conditions of this assay.
Overall, these studies demonstrated (in order of decreasing ef-
ﬁcacy) that 2,3-OH-BBPT, 8-OH-QBPT, PCBPT, 2,3,4-OH-BBPT, SBPT,
QBPT and PBPT displayed the ability to inhibit Cu(II)-mediated Ab1-
40 aggregation, demonstrating their therapeutic value for AD
treatment. Similar results to those reported here with Ab1-40 were
also obtained upon examining the ability of the novel BPTanalogues to inhibit Cu(II)-mediated Ab1-42 aggregation (Fig. S21).
2.13. The effect of the BPT analogues on the expression of the
autophagic marker, p62
Studies were initiated to examine the effect of the BPT agents on
autophagy, as it is a catabolic pathway involved in the clearance of
damaged cellular proteins and organelles [87]. Dysfunctional
autophagy has been linked with AD pathology and the accumula-
tion of aggregated proteins, such as Ab and tau [26,27]. Thus, it was
imperative to study the effect of our novel agents on this pathway.
Initially, the effect of our compounds on the protein, p62, was
examined as a useful marker of autophagy [88]. This protein is
involved in the delivery of damaged cargo to autophagosomes and
its levels are known to be inversely related to autophagic ﬂux in the
cell, i.e., low p62 is observed if there is high autophagic activity and
vice versa [88].
In these experiments, SK-N-MC cells were incubated with the
BPT analogues (25 mM) for 24 h/37 C. The effect of our novel agents
was directly compared to Dp44mT (25 mM), which has been pre-
viously shown to activate the autophagic pathway [89,90]. The
levels of p62 were shown to be signiﬁcantly (p < 0.001) decreased
after incubation with Dp44mT compared to control cells, suggest-
ing increased autophagic activity (Fig. 8AeH). This result is in
contrast to previous studies in which Dp44mT was observed to
increase p62 levels via increased autophagic initiation and
decreased autophagic completion [90]. The difference between our
results and those previously observed [90] can be explained by the
different cell-types implemented (e.g., SK-N-MC neuroepithelioma
cells cf. to MCF7, MDA-MB-231 and T47D breast cancer cell-types)
and different incubation conditions utilized (e.g., concentration of
25 mM cf. to 0.01e5 mM).
Incubation with NBPT (Fig. 8A and B) or SBPT (Fig. 8E and F) led
to a slight, but signiﬁcant (p < 0.01e0.05) increase in p62 levels
compared to control cells. However, there was no signiﬁcant
(p > 0.05) change in p62 levels after incubation with PBPT, 2,3-OH-
BBPT, PCBPT, QBPT, 8-OH-QBPT, or 2,3,4-OH-BBPT compared to
control cells (Fig. 8AeH). The lack of change observed in p62 levels
after incubation with the latter BPT analogues may be due to an
increase in overall autophagic ﬂux, i.e., both increased formation
and degradation of autophagosomes. Thus, the next set of studies
assessed the effect of these agents on the autophagic initiation and
degradation pathway to assess the autophagic ﬂux and dissect the
mechanism involved.
2.14. The effect of the BPT analogues on autophagic initiation
As autophagy is a dynamic process (Fig. 9Ai), it was crucial to
determine the ability of the BPT analogues to affect autophagic ﬂux.
To assess this, the late-stage autophagy inhibitor, Baﬁlomycin A1
(Baf A1), was implemented using standard procedures [88]. In these
experiments, SK-N-MC cells were pre-incubated for 30 min with
the late-stage autophagy inhibitor, Baf A1 (100 nM), followed by co-
incubation of Baf A1 and Dp44mT (a known inducer of autophagy;
25 mM) [89,90] or the novel BPT analogues (25 mM) for 24 h/37 C
(Fig. 9BeI). Incubation of cells with Baf A1 is known to inhibit the
late-stage autophagic degradation process via a dual mechanism,
namely: (1) prevention of lysosomal acidiﬁcation; and (2) inhibi-
tion of autophagosome-lysosome fusion (Fig. 9Aii) [88].
The lysates obtained from SK-N-MC cells treated with our li-
gands with or without Baf A1 were assessed for levels of LC3-II,
which is a classical marker for autophagosomes [88]. Importantly,
LC3-II is present on the autophagosome throughout its lifetime and
is a reliable indicator of the quantity of autophagosomes present in
the cell (Fig. 9Ai) [88].
Fig. 6. 3D and 2D docking diagrams showing the binding mode of (A) Donepezil, (B) 2,3-OH-BBPT and (C) PBPT in the active site of human AChE (PDB ID: 4EY7).
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Fig. 7. The effect of the BPT series of thiosemicarbazones on inhibiting the Cu(II)-
mediated aggregation of Ab1-40. The aggregation of the Ab1-40 peptide was measured
using an established turbidity assay at 405 nm after a 2 h incubation of Ab1-40 (25 mM)
with Cu(II) (25 mM) in the presence or absence of the agents, including DTPA, Dp44mT,
Donepezil, Tacrine and the BPT analogues (25 mM) in HEPES buffer (20 mM, 150 mM
NaCl, pH 6.6). Results with NBPT could not be determined (N.D.) due to the low sol-
ubility of the compound. Results are presented as mean ± S.E.M. (3 independent ex-
periments) using quadruplicates in each experiment. *p < 0.05, ***p < 0.001 versus
Ab þ Cu(II); ###p < 0.001 versus Ab.
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cellular constituents and the synthesis and degradation of LC3-II is
in constant ﬂux under basal conditions (Fig. 9Ai). In the presence of
Baf A1, the degradation of the autophagosome, and thus, LC3-II, is
inhibited under basal conditions and results in an accumulation of
this protein (Fig. 9Aii) [88]. Upon the addition of an autophagic
inducer (e.g., Dp44mT) [89,90], the synthesis of autophagosomes,
and thus, LC3-II, is enhanced in comparison to basal levels and
leads to a further increase in LC3-II accumulation when autopha-
gosome turnover is inhibited by Baf A1 (Fig. 9Aiii). In contrast, an
agent that inhibits autophagosomal degradation would not
mediate a further increase in LC3-II levels upon the addition of Baf
A1 relative to the basal LC3-II levels in the presence of Baf A1.
Hence, via the utilization of Baf A1, the effect of agents on auto-
phagosome turnover can be established, that is, if the agent affects
autophagic initiation or autophagosomal degradation [87,88].
As shown previously [90], there was a marked and signiﬁcant
(p < 0.001) increase in LC3-II (18 kDa) levels after incubation of cells
with Baf A1 alone (i.e., Baf A1-treated control cells) compared to the
control cells (Fig. 9BeI). The levels of LC3-II observed after incu-
bation of control cells with Baf A1 represents basal autophagic
initiation and the basal number of autophagosomes generated
under these conditions (see Fig. 9Aii) [88]. Notably, as shown in
previous studies [89,90], upon incubation of cells with Baf A1 and
the positive control, Dp44mT, there was a signiﬁcant (p < 0.001)
increase in LC3-II levels compared to cells incubated with Baf A1
alone (Fig. 9BeI). This observation demonstrates that Dp44mT can
initiate the autophagy pathway in SK-N-MC cells to increase
autophagosome number (see Fig. 9Aiii), as demonstrated previ-
ously in other cell-types [89,90].
In cells incubated with PBPT, PCBPT, 8-OH-QBPT, or 2,3,4-OH-
BBPT along with Baf A1, a signiﬁcant (p < 0.01e0.05) increase in
LC3-II levels was observed compared to control cells incubated
with Baf A1 alone (Fig. 9BeE,H,I). Again, this demonstrates that
these agents can stimulate the autophagic initiation pathway in SK-N-MC cells. In contrast, there was no signiﬁcant (p > 0.05) increase
of LC3-II levels after incubation of cells with NBPT, 2,3-OH-BBPT,
SBPT or QBPT along with Baf A1, when compared to control cells
incubated with Baf A1 alone (Fig. 9BeG).
Moreover, upon examination of the effect of these agents alone
(in the absence of Baf A1) on LC3-II levels, there was a slight, but
signiﬁcant (p < 0.001e0.05) increase only upon incubation with
NBPT, 2,3-OH-BBPT or 8-OH-QBPT relative to the control
(Fig. 9BeE,H,I). However, as shown above through BafA1 inhibitor
studies, NBPT and 2,3-OH-BBPT were unable to induce autophagic
initiation (Fig. 9BeE). Hence, the observed increase in LC3-II
mediated by NBPT and 2,3-OH-BBPT can be attributed to inhibi-
tion of the autophagosomal degradation pathway by these BPT
ligands.
Taken together, these studies demonstrate that PBPT, PCBPT, 8-
OH-QBPT and 2,3,4-OH-BBPT increase autophagic initiation, while
NBPT, 2,3-OH-BBPT, and SBPT inhibit the autophagic degradation
pathway in SK-N-MC cells. In contrast, QBPT did not inhibit nor
induce autophagic initiation. The ability of some of these agents
(e.g., PBPT) to increase autophagic initiation may be useful in order
to clear protein aggregates (e.g., Ab), which is a major problem in
AD [27].
2.15. Evaluation of physicochemical parameters to cross the blood-
brain barrier (BBB)
Considering the promising multiple activities of the BPT ana-
logues against key AD targets reported above and to further assess
their potential drug-like properties, we subjected all of the novel
BPT analogues to “Lipinski's Rule of Five” that analyzes crucial
physicochemical properties to predict their druglikeness (see
Table 2) [91]. All of the BPT ligands obeyed Lipinski's Rule of Five,
along with the well-known AChE inhibitors, Tacrine and Donepezil
(Table 2).
To predict the BBB permeation of these compounds that is
crucial for AD treatment, other physicochemical properties, such as
cLogP, topological polar surface area (TPSA) and LogBB (the loga-
rithm of brain to blood concentration ratio) were considered
(Table 2). These indices were examined as they are considered as
reliable and major descriptors, which dictate the ability of com-
pounds to cross the BBB and enhance their concentrations in the
cerebrospinal ﬂuid [92,93]. Based on studies examining the prop-
erties of marketed CNS drugs, it was considered that successful CNS
agents will have a TPSA value less than 90 Å [93], a cLogP value
between 2 and 5 [93], and a LogBB value greater than 1 [92].
As shown in Table 2, Tacrine, Donepezil and all BPT analogues,
except 2,3,4-OH-BBPT, have cLogP, TPSA and LogBB values within or
close to the desirable range for all parameters. Interestingly, the
lead agent, PBPT, has appropriate cLogP (2.69) and LogBB (0.82)
values, and a TPSA value (92.48) close to the desired range. Hence,
PBPT may cross the BBB and act as a potential CNS drug. For 2,3,4-
OH-BBPT, the cLogP (2.82) and LogBB (0.92) values are within the
allowed range, but the TPSA value (100.35) increased dramatically
relative to the other BPT analogues due to the presence of tri-
hydroxyl groups. In summary, most of the novel BPT series
demonstrate appropriate physicochemical characteristics that
suggest their druglikeness and facilitates their BBB permeation to
act as orally-available drugs for the CNS.
3. Conclusions
AD is a multi-factorial disease characterized by multiple path-
ological hallmarks that include low acetylcholine levels, dys-
regulation of metal metabolism, oxidative stress, impaired auto-
phagy and aggregation of Ab [5e9]. In the current studies, we
Fig. 8. The effect of the BPT series of analogues on the levels of the autophagic marker p62 in SK-N-MC neuroepithelioma cells. (A, C, E, G)Western blots showing the effect of
the BPT analogues (25 mM) on the levels of p62 that is a marker of autophagy after a 24 h incubation at 37 C. (B, D, F, H) Densitometry of p62 protein levels relative to the
corresponding loading control (b-actin). Results are presented as mean ± SD (3 independent experiments). *p < 0.05, **p < 0.01 and ***p < 0.001 versus control.
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designed to synergistically target several major hallmarks of AD. In
our design strategy, the amalgamation of several pharmacophores
from different agents was utilized, resulting in a novel series of
multi-functional drugs. In fact, these pharmacophores included: (1)
the 1-benzylpiperidine fragment taken from the structure of the
clinically used AChE inhibitor, Donepezil; and (2) the thio-
semicarbazone moiety was used to target the chelation of redox-
active metals to alleviate oxidative stress.
Using this strategy, we generated eight novel BPT analogues by
condensing 1-benzylpiperidine thiosemicarbazide with various
aldehydes. These BPT analogues and particularly PBPT generally
demonstrated: (1) low anti-proliferative activity that wascomparable to the well-tolerated clinically used iron chelator, DFO
[60]; (2) better iron chelation efﬁcacy than DFO; (3) the inhibition
of Fe(III)-mediated ascorbate oxidation; (4) moderate AChE inhib-
itory activity; (5) the inhibition of Cu(II)-mediated aggregation of
Ab1-40; and (6) increased autophagic initiation.
Of all of the BPT analogues examined, PBPT showed the most
promising multi-functional activity and emerged as a lead agent for
the treatment of AD. This compound was found to have limited
anti-proliferative activity at concentrations of100 mM in SK-N-MC
cells and was able to mobilize cellular 59Fe, as well as inhibit 59Fe
uptake from 59Fe2-Tf. These data indicate that PBPT has favorable
iron chelation properties that could facilitate the removal of
excessive iron from extracellular Ab plaques. Furthermore, PBPT
Fig. 9. The BPT analogues, PBPT, PCBPT, 8-OH-QBPT, or 2,3,4-OH-BBPT, stimulate autophagic ﬂux in SK-N-MC neuroepithelioma cells as measured using the autophagy
inhibitor, Baﬁlomycin A1 (Baf A1). (A) Schematic diagram demonstrating the mechanisms by which total LC3-II protein levels (a classical marker of autophagosome formation) can
be altered as a consequence of changes in autophagosomal ﬂux. (i) Under basal conditions, the newly formed autophagosomes are degraded upon fusion with the lysosome, leaving
LC3-II levels unaltered. (ii) Autophagosome degradation is inhibited in the presence of Baf A1, which prevents autophagosome-lysosome fusion and leads to the accumulation of
LC3-II. (iii) In the presence Baf A1, as well as an agent that induces autophagy (e.g., Dp44mT), autophagosome formation is increased relative to basal levels and leads to further
accumulation of LC3-II relative to Baf A1 alone. (B, D, F, H)Western blots showing the effect of the BPT analogues (25 mM) on the levels of LC3-II (18 kDa) after a 24 h incubation at
37 C in the presence or absence of the late-stage autophagy inhibitor, Baf A1 (100 nM). (C, E, G, I) Densitometry of LC3-II protein levels relative to the corresponding loading control
(b-actin). Results are presented as mean ± SD (3 experiments). *p < 0.05, **p < 0.01 and ***p < 0.001 versus control. #p < 0.05, ##p < 0.01 and ###p < 0.001 versus the Baf A1 control.
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Table 2
Calculated physiochemical properties of Tacrine, donepezil and the BPT analogues that indicate drug-like characteristics, including blood-brain barrier (BBB) Permeation.
Compound M.Wa LogPa HBA
(NþO)
HBD
(NHþOH)
Rot. bondsb TPSAa cLogPa LogBBc
Tacrine 198.27 2.91 2 2 0 38.38 3.27 0.07
Donepezil 379.50 4.01 4 0 6 38.77 4.60 0.26
PBPT 413.54 2.30 7 4 8 92.48 2.69 0.82
SBPT 368.50 3.51 5 3 7 59.89 3.79 0.17
NBPT 418.56 4.51 5 3 7 59.89 4.97 0.01
PCBPT 353.49 2.98 5 2 7 52.02 2.43 0.26
QBPT 403.55 4.41 5 2 7 52.02 3.81 0.05
8-OH-QBPT 419.55 4.02 6 3 7 72.25 3.91 0.34
2,3-OH-BBPT 384.50 3.12 6 4 7 80.12 3.42 0.53
2,3,4-OH-BBPT
Required
Parametersd
400.50
500
2.73
5
7
10
5
5
7
10
100.35
<90
2.82
2e5
0.92
>-1
a Calculated using ChemBioDraw Ultra14.0.
b Calculated using Cheminformatics (http://www.molinspiration.com/).
c LogBB ¼ 0.0148  TPSA þ0.152  cLogP þ0.139 [92].
d Required parameters necessary to fulﬁll appropriate physiochemical properties as judged appropriate according to Lipinski's Rules and those important for BBB
permeation [91e93].
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also alleviated the cytotoxic effects of hydrogen peroxide, sug-
gesting its ability to act in a protective manner to prevent ROS
generation. Additionally, this compound showed moderate AChE
inhibition and was also able to decrease the copper-mediated ag-
gregation of Ab1-40. PBPT also demonstrated the ability to induce
autophagy ﬂux, suggesting this ligand may be able to promote the
degradation and clearance of Ab aggregates. Furthermore, the
physicochemical properties of PBPT are also favorable for CNS
permeation. Collectively, these properties highlight the potential of
PBPTas a lead compound of the BPT series that possesses promising
multi-functional activity to treat the complex pathology associated
with AD.
4. Materials and methods
4.1. Chemicals and instrumentation
Chemicals used for synthesis were procured from Sigma-Aldrich
(St. Louis, MO, USA) and were of the highest quality available and
used without further puriﬁcation. 1H NMR (400 MHz) and 13C NMR
(100 MHz) spectra were obtained on a Bruker Advance 400 NMR
spectrometer using DMSO-d6 as a solvent. The following abbrevi-
ations are used to describe peakmultiplicities: s, singlet; d, doublet;
t, triplet; dd, doublet of doublet; td, triplet of doublet, bs, broad
singlet; bd, broad doublet; m, multiplet. Moreover, the following
abbreviations were used to label different protons: CH2-pip,
piperidine, CH2-benzyl, benzylic; CH-phenyl, phenyl; CH-pyridox,
pyridoxal; CH-sal, salicylyl; CH-naph, naphthyl; CH-quin, qui-
nonyl; CH-Bz, benzaldehyde. Biochemicals, includingMTT, protease
(i.e., Pronase) from Streptomyces griseus and human Tf, were pur-
chased from Sigma-Aldrich. Electrospray ionization mass spec-
trometry (ESI-MS) measurements were carried out on a Bruker
amaZon SL mass spectrometer in enhanced resolution mode. All
UVevisible spectra were acquired using a Shimadzu UV-1800
spectrophotometer. Elemental analysis was performed on a
Thermo Scientiﬁc Flash 2000 CHNS/O analyzer. The purity of all
ligands and their copper and iron complexes were assessed by
elemental analysis (C, H, N, S) and determined to be  95%.
4.2. Synthesis of 4-(1-benzylpiperidin-4-yl)thiosemicarbazide
The precursor, 4-(1-benzylpiperidin-4-yl)thiosemicarbazide,
was synthesized using a standard procedure [50]. To an aqueoussolution (100 mL) containing sodium hydrazide (1.0 g, 25.0 mmol),
carbon disulﬁde (2.0 g, 26.3 mmol) was added, followed by 4-
amino-1-benzylpiperidine (4.65 g, 24.4 mmol) and the mixture
stirred at RT. The solution turned to a yellow-orange color and the
organic layer slowly disappeared over time. After 4 h, sodium
chloroacetate (3.05 g, 26.2 mmol) was added and stirred for
another 15 h at RT. Upon the addition of concentrated HCl (3 mL) to
the reactionmixture, a precipitate formed, whichwas subsequently
reacted with hydrazine hydrate (2.50 g, 50 mmol) at 90BC for 2 h
and cooled to RT. The subsequent white precipitate that formed
was collected by ﬁltration, washed with water and air dried. This
afforded 3.9 g of 4-(1-benzylpiperidin-4-yl)thiosemicarbazide as a
white solid. Overall yield: 60%. 1H NMR: d ppm (DMSO-d6) 1.51 (2H,
m, CH2-pip), 1.81 (2H, m, CH2-pip), 2.04 (2H, m, CH2-pip), 2.73 (2H,
bd, CH2-pip), 3.45 (2H, s, CH2-benzyl), 4.09 (1H, m, CH-NH), 4.46
(2H, s, NH2), 7.27 (5H,m, 5 CH-phenyl), 7.56 (1H, d, J¼ 8.2 Hz, NH-
CH), 8.61 (1H, s, NH-N). 13C NMR: d ppm (DMSO-d6) 32.0, 50.5, 52.5,
62.6, 127.3, 128.6, 129.2, 139.0, 180.7.4.3. General procedure for the preparation of the novel BPT ligands
A solution of 4-(1-benzylpiperidin-4-yl)thiosemicarbazide
(0.53 g, 2.0 mmol) in ethanol (15 mL) was reﬂuxed with an equi-
molar amount of various aldehydes for 2 h in the presence of a few
drops of glacial acetic acid. The precipitate that formed after cooling
to room temperature was collected by ﬁltration and washed with
adequate amounts of ethanol and dried.4.3.1. Pyridoxal 4-(1-benzylpiperidin-4-yl)thiosemicarbazone
(PBPT)
Yellow solid (0.82 g). Yield: 91%. 1H NMR: d ppm (DMSO-d6) 1.98
(2H, m, CH2-pip), 2.09 (2H, m, CH2-pip), 2.42 (3H, s, CH3), 3.02 (2H,
bs, CH2-pip), 3.30 (2H, bs, CH2-pip), 4.23 (2H, bs, CH2-Ph), 4.37 (1H,
bs, CH-NH), 4.57 (2H, s, CH2-OH), 5.34 (1H, bs, CH2-OH), 7.45 (3H,
m, 3 CH-phenyl), 7.61 (2H, d, J¼ 3.3 Hz, 2 CH-phenyl), 7.97 (1H,
s, CH-pyridoxal), 8.56 (1H, s, CH¼N), 8.72 (1H, bs, NH-CH), 10.89
(1H, bs, OH), 11.82 (1H, bs, NH-N). 13C NMR: d ppm (DMSO-d6) 19.6,
28.5, 50.0, 50.9, 59.5, 129.2, 129.7, 131.7, 133.0, 139.6, 141.7, 147.6,
149.6, 152.9, 178.0. ESI-MS in CH3CN: found mass: 414.21 (100%),
Calc. mass for C21H28N5O2S: 414.20 [MþHþ]þ. Anal. Calc. for
C21H27N5O2S$(HCl)(H2O)2(CH3COOH)0.5 (%): C 51.20, H 6.64, N
13.57, S 6.21. Found (%): C 51.31, H 6.74, N 13.76, S 6.16.
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thiosemicarbazone (SBPT)
White solid (0.69 g). Yield: 94%. 1H NMR: d ppm (DMSO-d6) 1.74
(2H, m, CH2-pip), 1.81 (2H, m, CH2-pip), 2.03 (2H, m, CH2-pip), 2.80
(2H, bd, CH2-pip), 3.40 (2H, s, CH2-benzyl), 4.24 (1H, m, CH-NH),
6.84 (2H, m, 2  CH-sal), 7.22 (2H, m, 2  CH-sal,phenyl), 7.32 (4H,
m, 4  CH-phenyl), 7.93 (1H, d, J ¼ 7.8 Hz, CH-sal), 8.03 (1H, d,
J ¼ 8.6 Hz, NH-CH), 8.38 (1H, s, CH¼N), 9.96 (1H, bs, OH), 11.38 (1H,
s, NH-N). 13C NMR: d ppm (DMSO-d6) 31.5, 51.5, 52.7, 62.5, 116.5,
119.7, 120.8, 127.2, 127.3, 128.6, 129.2, 131.5, 139.1, 139.9, 156.9, 176.3.
ESI-MS in CH3CN: found mass: 369.17 (100%), Calc. mass for
C20H25N4OS: 369.18 [MþHþ]þ. Anal. Calc. for C20H24N4OS$CH3-
COOH (%): C 61.66, H 6.59, N 13.07, S 7.48. Found (%): C 61.82, H 6.48,
N 13.28, S 7.36.4.3.3. 2-Hydroxy-1-naphthaldehyde 4-(1-benzylpiperidin-4-yl)
thiosemicarbazone (NBPT)
Yellow solid (0.78 g). Yield: 93%. 1H NMR: d ppm (DMSO-d6) 1.67
(2H, m, CH2-pip), 1.88 (2H, m, CH2-pip), 2.10 (2H, m, CH2-pip), 2.75
(2H, bd, CH2-pip), 3.48 (2H, s, CH2-benzyl), 4.25 (1H, m, CH-NH),
7.21 (1H, d, J ¼ 8.9 Hz, CH-naph), 7.26 (1H, m, CH-phenyl), 7.31 (4H,
m, 4  CH-phenyl), 7.39 (1H, t, J ¼ 7.5 Hz, CH-naph), 7.57 (1H, m,
CH-naph), 7.88 (2H, m, 2  CH-naph), 8.03 (1H, d, J ¼ 8.1 Hz, NH-
CH), 8.46 (1H, d, J¼ 8.6 Hz, CH-naph), 9.03 (1H, s, CH¼N),10.64 (1H,
bs, OH), 11.43 (1H, s, NH-N). 13C NMR: d ppm (DMSO-d6) 31.4, 51.4,
52.4, 62.6, 110.4, 118.9, 123.0, 123.9, 127.3, 128.2, 128.6, 128.7, 129.2,
129.3, 132.0, 132.8, 139.0, 142.9, 156.9, 176.3. ESI-MS in CH3CN:
found mass: 419.18 (100%), Calc. mass for C24H27N4OS: 419.19
[MþHþ]þ. Anal. Calc. for C24H26N4OS (%): C 68.87, H 6.26, N 13.39, S
7.66. Found (%): C 68.83, H 6.28, N 13.60, S 7.56.4.3.4. 2-Pyridinecarboxaldehyde 4-(1-benzylpiperidin-4-yl)
thiosemicarbazone (PCBPT)
White solid (0.75 g). Yield: 50%. X-ray diffraction quality crystals
were obtained from ethanol by slow evaporation. 1H NMR: d ppm
(DMSO-d6) 1.77 (4H, m, 2  CH2-pip), 2.02 (2H, m, CH2-pip), 2.82
(2H, bd, CH2-pip), 3.18 (2H, s, CH2-benzyl), 4.27 (1H, m, CH-NH),
7.25 (1H, m, CH-phenyl), 7.33 (4H, m, 4  CH-phenyl), 7.39 (1H, m,
CH-pyr), 7.84 (1H, td, J ¼ 7.8, 1.6 Hz, CH-pyr), 8.11 (1H, s, CH¼N),
8.25 (1H, d, J¼ 8.5 Hz, CH-pyr), 8.30 (1H, d, J¼ 8.1 Hz, NH-CH), 8.57
(1H, d, J ¼ 4.4 Hz, CH-pyr), 11.66 (1H, s, NH-N). 13C NMR: d ppm
(DMSO-d6) 31.3, 51.8, 52.7, 62.5, 120.9, 124.6, 127.3, 128.6, 129.1,
136.9, 139.2, 143.0, 149.8, 153.7, 176.7. ESI-MS in CH3CN: found
mass: 354.17 (100%), Calc. mass for C19H24N5S: 354.17 [MþHþ]þ.
Anal. Calc. for C19H23N5S$(H2O)0.25 (%): C 63.74, H 6.62, N 19.56, S
8.96. Found (%): C 63.55, H 6.48, N 19.78, S 8.84.4.3.5. 2-Quinolinecarboxaldehyde 4-(1-benzylpiperidin-4-yl)
thiosemicarbazone (QBPT)
Yellow solid (1.1 g). Yield: 63%. Single crystals suitable for X-ray
diffractionwere obtained from the mother liquor, ethanol. 1H NMR:
d ppm (DMSO-d6) 1.76e1.85 (4H, m, 2 CH2-pip), 2.03 (2H, m, CH2-
pip), 2.86 (2H, bd, CH2-pip), 3.49 (2H, s, CH2-benzyl), 4.30 (1H, m,
CH-NH), 7.26 (1H, m, CH-phenyl), 7.32 (4H, m, 4  CH-phenyl), 7.63
(1H, m, CH-quin), 7.78 (1H, td, J ¼ 7.2, 1.2 Hz, CH-quin), 8.01 (2H, m,
2  CH-quin), 8.26 (1H, s, CH¼N), 8.40 (2H, m, 2  CH-quin), 8.47
(1H, d, J ¼ 8.8 Hz, NH-CH), 11.83 (1H, s, NH-N). 13C NMR: d ppm
(DMSO-d6) 31.3, 52.0, 52.8, 62.5, 118.7, 127.3, 127.6, 128.3, 128.4,
128.6, 129.2, 129.3, 130.4, 136.7, 139.2, 143.1, 147.8, 154.3, 176.7. ESI-
MS in CH3CN: found mass: 404.19 (100%), Calc. mass for C23H26N5S:
404.19 [MþHþ]þ. Anal. Calc. for C23H25N5S (%): C 68.46, H 6.24, N
17.35, S 7.94. Found (%): C 68.34, H 6.26, N 17.53, S 7.82.4.3.6. 8-Hydroxy-2-quinolinecarboxaldehyde 4-(1-benzylpiperidin-
4-yl)thiosemicarbazone (8-OH-QBPT)
Yellow solid (1.37 g). Yield: 69%. 1H NMR: d ppm (DMSO-d6)
1.79e1.85 (4H, m, 2 CH2-pip), 2.03 (2H, m, CH2-pip), 2.84 (2H, bd,
CH2-pip), 3.49 (2H, s, CH2-benzyl), 4.31 (1H, m, CH-NH), 7.11 (1H,
dd, J ¼ 7.2, 1.6 Hz, CH-quin), 7.26 (1H, m, CH-phenyl), 7.33 (4H, m,
4 CH-phenyl), 7.42 (2H, m, 2  CH-quin), 8.29 (1H, s, CH¼N), 8.31
(H, d, CH-quin), 8.38 (1H, d, J ¼ 8.5 Hz, CH-quin), 8.46 (1H, d,
J ¼ 8.5 Hz, NH-CH), 9.83 (1H, s, OH), 11.88 (1H, s, NH-N). 13C NMR:
d ppm (DMSO-d6) 31.3, 51.9, 52.8, 62.5, 112.6, 118.3, 119.0, 127.3,
128.5, 128.6, 129.2, 129.3, 136.5, 138.7, 139.2, 142.9, 152.2, 153.9,
176.7. ESI-MS in CH3CN: found mass: 420.18 (100%), Calc. mass for
C23H26N5OS: 420.19 [MþHþ]þ. Anal. Calc. for C23H25N5OS (%): C
65.85, H 6.01, N 16.69, S 7.64. Found (%): C 65.80, H 6.00, N 16.79, S
7.49.4.3.7. 2,3-Dihydroxybenzaldehyde 4-(1-benzylpiperidin-4-yl)
thiosemicarbazone (2,3-OH-BBPT)
White crystals (0.68 g). Yield: 88%. 1H NMR: d ppm (DMSO-d6)
1.72 (2H, m, CH2-pip), 1.81 (2H, m, CH2-pip), 2.03 (2H, m, CH2-pip),
2.79 (2H, bd, CH2-pip), 3.48 (2H, s, CH2-benzyl), 4.22 (1H, m, CH-
NH), 6.66 (1H, t, J ¼ 7.8 Hz, CH-Bz), 6.80 (1H, dd, J ¼ 7.8, 1.4 Hz, CH-
Bz), 7.25 (1H, m, CH-Bz), 7.31e7.37 (5H, m, 5  CH-phenyl), 8.01
(1H, d, J¼ 8.4 Hz, NH-CH), 8.38 (1H, s, CH¼N), 9.26 (2H, bs, 2 OH),
11.38 (1H, s, NH-N). 13C NMR: d ppm (DMSO-d6) 31.4, 51.5, 52.7,
62.5, 116.9, 117.7, 119.5, 121.3, 127.3, 128.6, 129.2, 139.1, 140.6, 145.7,
146.0, 176.2. ESI-MS in CH3CN: found mass: 385.18 (100%), Calc.
mass for C20H25N4O2S: 385.17 [MþHþ]þ. Anal. Calc. for
C20H24N4O2S$H2O (%): C 59.68, H 6.51, N 13.92, S 7.97. Found (%): C
59.65, H 6.54, N 13.99, S 7.82.4.3.8. 2,3,4-Trihydroxybenzaldehyde 4-(1-benzylpiperidin-4-yl)
thiosemicarbazone (2,3,4-OH-BBPT)
Yellowish brown solid (0.65 g). Yield: 81%. 1H NMR: d ppm
(DMSO-d6) 1.73 (2H, m, CH2-pip), 1.86 (2H, m, CH2-pip), 2.24 (2H,
bs, CH2-pip), 2.89 (2H, bd, CH2-pip), 3.64 (2H, s, CH2-benzyl), 4.25
(1H, m, CH-NH), 6.35 (1H, d, J ¼ 8.5 Hz, CH-Bz), 7.12 (1H, d,
J ¼ 8.4 Hz, CH-Bz), 7.29e7.36 (6H, m, 5  CH-phenyl, 1  OH), 7.94
(1H, d, J ¼ 8.1 Hz, NH-CH), 8.25 (1H, s, CH¼N), 9.13 (1H, bs, OH),
11.23 (1H, s, NH-N). 13C NMR: d ppm (DMSO-d6) 30.6, 50.8, 52.1,
61.5, 108.2, 113.0, 118.7, 128.1, 128.8, 129.9, 133.2, 142.4, 147.1, 148.8.
ESI-MS in CH3CN: found mass: 401.17 (100%), Calc. mass for
C20H25N4O3S: 401.17 [MþHþ]þ. Anal. Calc. for C20H24N4O3S$(CH3-
COOH)0$5(H2O)2.5 (%): C 53.05, H 6.57, N 11.78, S 6.74. Found (%): C
53.17, H 6.08, N 12.03, S 6.75.4.4. X-ray crystallography
Data were collected at 150 K ([HSBPT][OAc] and PCBPT) or 190 K
([Cu(SBPT)Cl2]) on an Oxford Diffraction Gemini CCD diffractometer
with Cu-Ka radiation (1.54,184 Å). Data reduction and empirical
absorption corrections (multiscan) were carried out using Oxford
Diffraction CrysAlisPro Software. The structures were solved by
direct methods with SHELX-86 and reﬁned by full matrix least-
squares on F2 with SHELXL-97 [94,95]. All non-hydrogen atoms
were reﬁned anisotropically and hydrogen atoms were ﬁxed in
their calculated positions using a riding model. Molecular structure
diagrams were generated with ORTEP3 [96] and rendered with
PovRay (version 3.7). Crystal data in CIF format have been deposited
with the Cambridge Crystallographic Data Centre (CCDC numbers:
1,516,075, 1,516,076 and 1,516,077 for [Cu(SBPT)Cl2], [HSBPT][OAc]
and PCBPT, respectively).
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Cyclic voltammetry measurements were performed using a
BAS100B/W potentiostat in a three electrode cell set-up with a
glassy carbon working electrode, Ag/AgCl reference electrode and
Pt wire auxiliary electrode. The working electrode was polished
using 0.5 mm alumina and then rinsed thoroughly with Milli-Q
water prior to each measurement. The data were collected for all
complexes in an aqueous buffer (50 mM Tris buffer and 0.1 M
NEt4ClO4) containing DMF (70:30 v/v) with all complexes at a
concentration of 1 mM. All potentials are reported versus the NHE
by correction of the potentials measured with respect to the Ag/
AgCl reference (calibrated with quinhydrone at pH 7). Electron
paramagnetic resonance (EPR) spectra were collected on a Bruker
ER200 instrument at X-band frequency (9.370 GHz) in 1 mM DMF
frozen solutions at 130 K.
4.6. Cell culture
Human SK-N-MC neuroepithelioma cells were obtained from
the American Type Culture Collection (ATCC; Vanassas, VI, USA) and
cultured in complete minimum essential medium (MEM; Sigma-
Aldrich) containing 10% fetal calf serum (FSC; Sigma-Aldrich);
0.28 mg/mL fungizone; 100 U/mL penicillin; 1% MEM non-
essential amino acids; 1% sodium pyruvate; and 1% glutamine
(Life Technologies; California, USA) at 37 C in a humidiﬁed atmo-
sphere containing 5% CO2 and 95% air. Cells were subcultured and
implemented for further experiments using standard procedures
[43,61].
4.7. Cellular proliferation assay
The cytotoxicity of the BPT series against SK-N-MC cells was
determined using the [1-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium] (MTT) assay using standard techniques [61]. The
cells were seeded in 96-well microtiter plates at a density of
1.5  104 cells/well. The compounds were dissolved in DMSO
(20 mM) and diluted further using MEM media to result in a ﬁnal
concentration of DMSO 0.5% (v/v). At this concentration, DMSO
has no effect on cellular proliferation [61]. After 24 h, the cells were
exposed to various concentrations of chelators or their copper or
iron complexes (0e100 mM) and incubated for 72 h at 37 C. After
this incubation, 20 mL of MTT (5 mg/mL in PBS) was added to each
well and incubated further for 2 h/37 C. Culture medium was
aspirated carefully and 100 mL of DMSO was added to dissolve the
formazan crystals. The plates were shaken for 5 min and the
absorbance was measured at 570 nm using a scanning multi-well
spectrophotometer. The half maximal inhibitory concentration
(IC50) was deﬁned as the chelator concentration necessary to
reduce the absorbance to 50% of the untreated control [61]. Control
studies demonstrated that absorbance at 570 nmwas proportional
to the number of viable cells as determined by direct cell counts
using Trypan blue [61].
4.8. Labeling of transferrin with 59Fe
Apo-transferrin (ApoTf; Sigma-Aldrich) was labeled with 59Fe
(PerkinElmer Life Sciences, Waltham, MA) and then puriﬁed by
standard methodology using dialysis to generate diferric Tf (59Fe2-
Tf) [97,98].
4.9. Effect of the BPT analogues on iron efﬂux from SK-N-MC cells
The effect of BPT compounds on 59Fe mobilization from SK-N-
MC cells was determined by 59Fe efﬂux experiments using astandard protocol [99]. Brieﬂy, SK-N-MC cells were seeded in 6-well
plates and incubated overnight. The cell growth medium was
aspirated and then the cells prelabeled with 59Fe2-Tf (0.75 mM) in
complete medium (1 mL) for 3 h at 37 C. Cells were washed four
times with ice-cold PBS to remove extracellular 59Fe2-Tf and then
incubated for 3 h at 37 C with medium alone (control) or medium
containing the BPT compounds (25 mM). The well characterized
chelators, Dp44mT (25 mM) and DFO (25 mM), and the AD thera-
peutic, Donepezil (25 mM), were included as controls. After the
incubation, cells were placed on ice and the media containing
released 59Fe was separated from the monolayer using a pasteur
pipette. Subsequently, PBS (1 mL) was added to the cells and then
the monolayer removed using a plastic spatula. Radioactivity was
measured in both the cell suspension and supernatant using a g-
scintillation counter (WallacWizard 3, PerkinElmer,Waltham,MA).
4.10. Effect of the BPT analogues on iron uptake from 59Fe2-Tf by SK-
N-MC cells
In order to estimate the ability of novel BPT compounds to
prevent the cellular uptake of 59Fe from the Fe transport protein,
59Fe2-Tf, 59Fe uptake experiments were performed using standard
procedures [61,67]. Brieﬂy, SK-N-MC cells were incubated with
59Fe2-Tf (0.75 mM) and the compounds (25 mM) in complete me-
dium for 3 h at 37 C. The medium was then removed and cells
washed four times with ice-cold PBS to remove excess extracellular
59Fe2-Tf. Subsequently, cells were incubated with the protease,
pronase (1 mg/mL; Sigma-Aldrich), for 30 min/4 C to separate
internalized from membrane-bound 59Fe using a well-established
protocol [97,100]. The monolayer of cells was then detached from
the substratum using a plastic spatula and centrifuged at
10,000 rpm for 3 min/4 C. The supernatant media that contained
membrane-bound 59Fe was removed and placed in a g-counting
tube and the pellet containing internalized 59Fewas resuspended in
1 mL of PBS and added to a separate g-counting tube. The 59Fe
levels in both the supernatant and cell pellet weremeasured on the
g-scintillation counter described above. As utilized in 59Fe efﬂux
experiments, Dp44mT (25 mM), DFO (25 mM) and Donepezil
(25 mM) were included as controls.
4.11. Effect of the BPT analogues on ascorbate oxidation
The ability of the iron complexes of the BPT compounds to
catalyze the oxidation of ascorbate was examined as previously
described [69]. The assay was carried out in disodium hydrogen
phosphate buffer (10 mM; pH ¼ 7.4) containing 10% (v/v) aceto-
nitrile and sodium citrate (500 mM). Freshly prepared sodium
ascorbate (50 mM) was incubated with FeCl3 alone (10 mM, control),
or in the presence of chelators at an iron-binding equivalent (IBE) of
1. This IBE results in a fully occupied Fe(III) coordination sphere
upon complexation e.g., Fe(III)eEDTA (1:1 ratio), Fe(III)eDFO (1:1
ratio), Fe(III)eDp44mT (1:2 ratio), Fe(III)eDonepezil (1:2 ratio), and
Fe(III)eBPT analogues (1:2 ratio). In these studies, ethyl-
enediaminetetraacetic acid (EDTA), Dp44mT, DFO and Donepezil
were included as controls. Furthermore, while Donepezil is not a
chelator, Fe(III) was added at a 1:2 ratio for comparison purposes to
the thiosemicarbazones. The absorbance at 265 nm was measured
using UVevisible spectrophotometer after 10 and 40 min of incu-
bation at RT and the decrease in absorbance between the two time
points was calculated and expressed as a percentage of ascorbate
oxidation relative to the control (100%).
4.12. Protection against hydrogen peroxide-mediated cytotoxicity
The ability of the novel BPT agents to protect SK-N-MC
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assessed using the MTT assay following previously reported pro-
tocols with slight alterations [74,101]. SK-N-MC cells were seeded in
96-well microtiter plates at a density of 1.5  104 cells/well and
incubated at 37C/24 h. After this period, the cells were pre-
incubated for 2 h/37 C with serum-free medium alone (control),
the BPT ligands, or the relevant controls, including DFO and
Donepezil, at 10 mM (ﬁnal DMSO concentration 0.2% v/v) in
serum-free medium. The medium was then removed and the cells
incubated with fresh serum-free medium alone, or serum-free
medium containing H2O2 (150 mM), for a further 24 h/37 C. The
cellular viability was then measured as described above using the
MTT assay.4.13. Effect of the BPT analogues on acetylcholinesterase activity
Studies examining the ability of the novel agents to inhibit AChE
were performed using established procedures with slight modiﬁ-
cations [102,103]. Acetylthiocholine iodide (Sigma-Aldrich) was
used as a substrate in this assay and is metabolized by AChE (from
Electrophorus electricus; Sigma-Aldrich) to produce thiocholine
[104]. This product subsequently reacts with 5,50-dithio-bis-(2-
nitrobenzoic acid) (DTNB) to generate a yellow product, 5-thio-2-
nitrobenzoic acid, which is detected spectrophotometrically at
405 nm [104]. Stock solutions of the BPT ligands (200-times higher
than the ﬁnal concentration) were prepared in DMSO. In this study,
Donepezil and Tacrine were used as positive controls due to their
well characterized ability to potently inhibit AChE [76]. The work-
ing solutions were prepared by dissolving 12.5 mL of BPT analogues
or DMSO (control) in 1022 mL of HEPES buffer (50 mM; NaCl
150 mM; MgCl2 20 mM; pH 8.0).
The working solution of a compound (207 mL) was added to a
cuvette containing 238 mL of DTNB (3 mM in HEPES buffer) and
37.5 mL of AChE at a concentration of 0.26 U/mL and incubated for
15 min at room temperature. The enzymatic reaction was initiated
by the addition of 37.5 mL of acetylthiocholine iodide (15 mM in
HEPES buffer). The solution was immediately analyzed at 405 nm
on Shimadzu UV-1800 spectrophotometer (Kyoto, Kyoto Prefecture,
Japan) in kinetic mode for 5 min. The ﬁnal concentration of DMSO
was maintained at 0.5% throughout the studies. The percentage of
activity was calculated using the equation: % Activity¼ 100 - (slope
of sample/slope of DMSO control).4.14. Molecular docking
Molecular computational docking was completed using Grid-
based Ligand Docking with Energetics (GLIDE; Schr€odinger; New
York, USA) software. The active site of the human AChE protein
(PDB ID: 4EY7; 2.35 Å) was prepared via the Protein Preparation
Wizard embedded in Maestro v11.1.012 (Schr€odinger, LLC, New
York, USA). Protein preparation was completed by using default
settings such as the addition of hydrogen and disulﬁde bonds, and
the removal of waters beyond 5 Å. The protein was further
reviewed and modiﬁed by deleting additional ligands. The protein
was prepared at pH 7± 3. The BPT ligandswere optimized using the
LigPrep (Schr€odinger) and ConfGen (Schr€odinger) modules to
generate multiple stable conformations of the ligands in three-
dimension. These conformations were docked onto the active site
of AChE. The GLIDE XP docking score was generated to estimate the
ligand binding free energy taking into account the EPIK state
penalty [105]. Molecular dynamics simulation-based molecular
mechanics generalized born surface area (MM-GBSA; Schr€odinger)
was performed to estimate the relative binding afﬁnity between
the ligand and protein target.4.15. Effect of the BPT analogues on inhibition of Cu(II)-Mediated
Ab1-40 aggregation
An established turbidity assaywas used to evaluate the potential
of the BPT ligands to inhibit the aggregation induced by Cu(II)
[47,83,84]. Brieﬂy, 1 mg of synthetic human Ab1e40 purchased from
China Peptides (Shanghai, China) was dissolved in 50 mL of DMSO
and then 910 mL of Milli-Q water was added just prior the experi-
ment to provide a solution of 250 mM. Stock solutions of agents,
including DTPA, Dp44mT, Donepezil, Tacrine and the BPT ana-
logues, were prepared in DMSO (10 mM) and diluted further with
HEPES buffer (20 mM HEPES, 150 mM NaCl, pH 6.6). This solution
was passed through Chelex resin to remove trace metal ions and
ﬁltered using a 0.2 mm ﬁlter to achieve aworking stock of 250 mM. A
stock solution (250 mM) of CuCl2 (analytical grade, Sigma-Aldrich)
was also prepared in HEPES buffer. Solutions of Cu(II) (5 mL) and
Ab1e40 (5 mL) were added to HEPES buffer (35 mL) in the 384-well
plate, which was then incubated with the ligands (5 mL) in a ﬁnal
volume of 50 mL in quadruplicates. The ﬁnal concentrations of the
ligands, Cu(II) and Ab1e40 were 25 mM each. The solutions were
incubated for 2 h/37 C and absorbancemeasured at 405 nmusing a
FluoStar Omega Plate Reader (BMG Labtech, Ortenberg, Germany).
The absorbance of Cu(II), the ligand and buffer were used as blanks
and subtracted from corresponding wells. Both Cu(II) and peptide
were used alone as positive controls to demonstrate the effect on
peptide aggregation in the absence of the ligand.4.16. Western blotting
Western blotting was performed by standard methodology, as
previously described [89,106]. Brieﬂy, proteins were separated by
SDS-PAGE using the MiniProtein Tetra Cell System (Bio-Rad; CA,
USA). After electrophoresis, the gel was electroblotted overnight at
30 V/4 C onto a polyvinylidene diﬂuoride (PVDF) membrane
(0.45 mm pore size; GE Healthcare; WI, USA) in 1 transfer buffer.
PVDF was activated by 100% methanol and soaked in 1 transfer
buffer prior to transfer.
The primary antibodies used for immunoblotting were LC3 (Cat.
#: MBPM036; 1:2000 dilution; Abacus), p62 (Cat. #: ab56416;
1:5000 dilution; Abcam) and b-actin (Cat. #: A1978; 1:10,000;
Sigma). The secondary antibodies used included horseradish
peroxidase (HRP)econjugated anti-rabbit (Cat. #: A6154) and anti-
mouse (Cat. #: A4416) antibodies from Sigma-Aldrich. Both anti-
bodies were used at a 1:10,000 dilution. PVDF membranes were
incubated with Luminata Forte Western HRP substrate (Millipore,
Billerica, MA, USA). The signals were detected using a ChemiDocMP
Imaging System (Bio-Rad) and densitometry performed using
Quantity One software (Bio-Rad) and normalized to the relative b-
actin-loading control.4.17. Statistical analysis
All statistical analysis using Student's t-test was performed us-
ing Microsoft Excel. Results were considered signiﬁcant when
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Chapter 3: Compound 10
C:\Xcalibur\...\Paddy_20160106_aa504 6/01/2016 10:47:10 AM
Paddy_20160106_aa504 #9-20 RT: 0.15-0.34 AV: 12 SM: 7B NL: 3.11E6
T: - p ESI Q1MS [100.000-1000.000]
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Chapter 2: Compound 5
C:\Xcalibur\...\Paddy_20160106_ao773 6/01/2016 10:41:12 AM
Paddy_20160106_ao773 #8-24 RT: 0.13-0.41 AV: 17 SM: 7B NL: 5.18E6
T: - p ESI Q1MS [100.000-1000.000]
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Chapter 2: Compound 6
C:\Xcalibur\...\paddy_20170602_JL_17_3 2/06/2017 10:14:33 AM
paddy_20170602_JL_17_3 #7-22 RT: 0.11-0.38 AV: 16 NL: 1.34E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 2: Compound 10
C:\Xcalibur\...\paddy_20180306_JL17_4_I 6/03/2018 9:49:20 AM
paddy_20180306_JL17_4_I #8-21 RT: 0.13-0.36 AV: 14 SM: 7G NL: 1.51E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 3: Compound 4
C:\Xcalibur\...\paddy_20170602_JL18_3 2/06/2017 10:18:08 AM
paddy_20170602_JL18_3 #7-21 RT: 0.11-0.36 AV: 15 NL: 1.20E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 2: Compound 11
Chapter 3: Compound 5
C:\Xcalibur\...\paddy_20170602_JL_20_2 2/06/2017 10:21:40 AM
paddy_20170602_JL_20_2 #8-22 RT: 0.13-0.38 AV: 15 NL: 9.10E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 2: Compound 13
Chapter 3: Compound 7
C:\Xcalibur\...\paddy_20180306_JL22_2 6/03/2018 9:45:49 AM
paddy_20180306_JL22_2 #7-24 RT: 0.11-0.41 AV: 18 SM: 7G NL: 1.74E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 3: Compound 8
C:\Xcalibur\...\paddy_20170413_JL23_2 13/04/2017 11:51:31 AM
paddy_20170413_JL23_2 #9-20 RT: 0.15-0.34 AV: 12 SM: 7G NL: 1.41E8
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 3: Compound 9
C:\Xcalibur\...\Paddy_20170721_JL_24_2_I 21/07/2017 9:53:21 AM
Paddy_20170721_JL_24_2_I #7-22 RT: 0.11-0.37 AV: 16 SM: 7G NL: 6.67E6
T: + p ESI Q1MS [50.000-1000.000]
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Chapter 3: Compound 10
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Chapter 3: Compound 12
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Chapter 2: Compound 7
Chapter 3: Compound 1
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Chapter 2: Compound 7
Chapter 3: Compound 1
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Chapter 2: Compound 8
Chapter 3: Compound 2
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Chapter 2: Compound 9
Chapter 3: Compound 3
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Chapter 3: Compound 3
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Chapter 2: Compound 10
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Chapter 2: Compound 10
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Chapter 3: Compound 4
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Chapter 3: Compound 4
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Chapter 2: Compound 11
Chapter 3: Compound 5
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Chapter 2: Compound 11
Chapter 3: Compound 5
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Chapter 2: Compound 12
Chapter 3: Compound 6
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Chapter 2: Compound 13
Chapter 3: Compound 7
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Chapter 2: Compound 13
Chapter 3: Compound 7
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Chapter 2: Compound 14
-101234567891011121314
f1 (ppm)
-100
0
100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800JL-22-2_PROTON_cd3od_20180802_01
3.
02
2.
36
3.
02
0.
07
3.
79
4.
00
2.
49
10
2.
50
94
2.
52
95
2.
72
37
2.
75
82
2.
77
82
2.
79
66
3.
60
66
6.
67
26
6.
69
02
6.
69
37
6.
96
94
6.
97
69
6.
99
10
6.
99
79
Chapter 3: Compound 8
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Chapter 3: Compound 8
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Chapter 3: Compound 9
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Chapter 3: Compound 9
-101234567891011121314
f1 (ppm)
-400
-200
0
200
400
600
800
1000
1200
1400
1600
1800
2000
2200
2.
35
2.
28
4.
05
1.
56
4.
09
4.
00
2.
35
34
2.
37
24
2.
37
71
2.
39
31
2.
41
39
2.
43
28
2.
43
80
2.
45
35
2.
72
33
2.
73
77
2.
74
42
2.
75
86
2.
77
65
4.
98
75
6.
66
56
6.
68
22
6.
68
69
6.
70
35
6.
70
35
6.
98
21
7.0
03
1
7.0
24
0
Chapter 3: Compound 10
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Chapter 3: Compound 10
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Chapter 2: Compound 15
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Chapter 2: Compound 15
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Chapter 3: Compound 13
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Chapter 3: Compound 11
Chain#:1
File: /var/www/SAVES/Jobs/55834531//errat.pdb
Overall quality factor**: 96.555
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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File: /var/www/SAVES/Jobs/55834531//errat.pdb
Overall quality factor**: 96.555
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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File: /var/www/SAVES/Jobs/55834531//errat.pdb
Overall quality factor**: 96.555
Program: ERRAT2
Residue # (window center)
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99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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File: /var/www/SAVES/Jobs/55834531//errat.pdb
Overall quality factor**: 96.555
Program: ERRAT2
Residue # (window center)
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99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chi1-Chi2 plots
5673387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
5673387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
5673387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
5673387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
5673387_10.ps
Distorted geometry
5673387 - Chain A
PROCHECK
Page  1
Main-chain bond lengths        
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Main-chain bond angles        
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Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
A Phe  57
0.030
CB 
A Phe 256
0.033
CB 
A Asp 422
0.020
CB 
A Tyr 694
0.060
CB 
A Asp 703
0.021
CB 
A Trp 794
0.050
CB 
A Phe 835
0.034
CB 
A Tyr 991
0.035
CB 
A Asp 994
0.021
CB 
Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   880        90.3      88.2    10.0        0.2    Inside 
b. Omega angle st dev         
   993         5.7       6.0     3.0       -0.1    Inside 
c. Bad contacts / 100 residues
     6         0.6       1.0    10.0       -0.0    Inside 
d. Zeta angle st dev          
   927         1.8       3.1     1.6       -0.8    Inside 
e. H-bond energy st dev       
   675         0.7       0.7     0.2        0.2    Inside 
f. Overall G-factor           
   994         0.1      -0.2     0.3        0.8    Inside 
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5673387 - Chain A  
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Plot statistics
Residues in most favoured regions  [A,B,L]           
   795  90.3%
Residues in additional allowed regions  [a,b,l,p]    
    79   9.0%
Residues in generously allowed regions  [~a,~b,~l,~p]
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Residues in disallowed regions                       
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  ---- ------
Number of non-glycine and non-proline residues       
   880 100.0%
Number of end-residues (excl. Gly and Pro)           
     2       
Number of glycine residues (shown as triangles)      
    67       
Number of proline residues                           
    45       
                                                     
  ----       
Total number of residues                             
   994       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
5673387_07.ps
Main-chain bond lengths
5673387 - Chain A
PROCHECK
Page  1
1.20 1.24 1.28 1.32 1.36 1.40 1.44
  357
C-N
(except Pro)
Fr
eq
ue
nc
y
1.22 1.26 1.30 1.34 1.38 1.42 1.46
  357
C-N
(Pro)
Fr
eq
ue
nc
y
1.11 1.15 1.19 1.23 1.27 1.31 1.35
  357
C-O
 
Fr
eq
ue
nc
y
1.40 1.44 1.48 1.52 1.56 1.60 1.64
  357
CA-C
(except Gly)
Fr
eq
ue
nc
y
1.39 1.43 1.47 1.51 1.55 1.59 1.63
  357
CA-C
(Gly)
Fr
eq
ue
nc
y
1.40 1.44 1.48 1.52 1.56 1.60 1.64
  357
CA-CB
(Ala)
Fr
eq
ue
nc
y
1.42 1.46 1.50 1.54 1.58 1.62 1.66
  357
CA-CB
(Ile,Thr,Val)
Fr
eq
ue
nc
y
1.41 1.45 1.49 1.53 1.57 1.61 1.65
  357
CA-CB
(the rest)
Fr
eq
ue
nc
y
1.33 1.37 1.41 1.45 1.49 1.53 1.57
  357
N-CA
(except Gly,Pro)
Fr
eq
ue
nc
y
1.33 1.37 1.41 1.45 1.49 1.53 1.57
  357
N-CA
(Gly)
Fr
eq
ue
nc
y
1.34 1.38 1.42 1.46 1.50 1.54 1.58
  357
N-CA
(Pro)
Fr
eq
ue
nc
y
Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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d. Secondary structure & estimated accessibility
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d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NA I VGVWQERNAENA I EALKEYE PEMGKVYRADRKSVQR I KARD I VPGD I VEVAVGDKVPAD I R I LA I KSTTLRVDQS I LTGE SVSV I KHTEPVPDPRAV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
. * . * * * * *
+
* * *
*
+
* *
+
. * * * * *
+
* *
+
*
*
*
* * *
+
. *
+
*
*
+
. *
+
. . * *
+
. . * *
+
* *
*
+
. . *
+
. * *
+
*
*
*
*
*
+
. * . . . . *
*
+
* *
+
*
*
. *
*
*
+
*
*
* *
+
. *
*
* *
*
*
*
*
*
*
*
*
+
*
+
* *
*
*
+
*
*
. *
*
*
*
7
.
4
*
. . . *
+
* * * *
*
* . *
+
*
+
*
*
* . * *
*
*
+
*
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
Page  2
5673387_06.ps
Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NQDKKNMLF SGTN I AAGKALG I VATTGVGTE I GK I RDQMAATEQDKT PLQQKLDE FGEQLSKV I S L I CVAVWL I N I GHFNDPVHGGSWFRGA I YYFK I AV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . * * . *
+
* * * *
*
*
+
. * . * . * * *
+
* * . . . * . . . . . * * . * * . * . * . * *
+
*
+
*
*
*
* * * * . . * * . * *
+
* * . *
+
* . * . . *
*
* . * . * * * * *
+
*
+
. * . . * * . * . *
+
* . *
*
*
*
*
+
* * . * * *
*
+
*
*
+
. *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
Page  3
5673387_06.ps
Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
ALAVAA I PEGL PAV I TTCLALGTRRMAKKNA I VRS LP SVETLGCT SV I CSDKTGTLTTNQMSVCKMF I I DKVDGD I CLLNE F S I TGS TYAP EGEVLKNDK
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . * * *
+
* . *
*
+
* * * . . * . . . * . * * * . . . . *
*
*
+
. . * * * * *
+
* *
+
*
+
* *
+
*
*
*
* * . * *
*
* *
*
*
*
+
. *
*
+
. . * . . *
+
*
*
+
. *
*
*
. * . *
+
* . . *
+
* *
*
. *
+
. * * *
+
* * *
*
*
+
*
+
. . * * . * . . * * * * . *
*
*
* *
+
. *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
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5673387_06.ps
Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
PVRPGQYDGLVELAT I CALCNDS SLDFNEAKGVYEKVGEATETALTTLVEKMNVFNTDVRS LSKVERANACNSV I RQLMKKEF TLEF SRDRKSMSVYCS P
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
* * *
*
* . * . . * . * * . . * * * * * *
*
+
* . . . *
*
+
*
+
. * *
+
. . *
+
. . . . . . *
*
+
. * * *
+
. *
+
*
+
* *
+
* . . . *
*
. * . *
*
*
+
*
*
+
* * . *
+
*
*
*
*
* *
+
* *
+
* *
*
*
+
* . . * . . *
*
+
*
+
*
*
*
+
* *
+
* *
+
*
*
*
+
. *
+
. * . * *
*
. * . * * . *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
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Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
AKS SRAAVGNKMFVKGAPEGV I DRCNYVRVGTTRVPLTGPVKEK IMAV I KEWGTGRDTLRCLALATRDT P PKREEMVLDDSARFLEYETDLTFVGVVGML
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
. *
+
. *
*
. *
*
* * . *
*
*
. *
*
*
+
* * * *
+
*
*
. . * . * * . *
+
*
*
*
*
+
* *
*
*
+
. . . * * *
+
* * . . * *
*
+
* . * . *
+
. *
+
* *
*
+
*
9
.
4
*
. . *
+
* *
*
+
. *
*
*
+
. *
*
. *
+
* *
+
*
+
* *
+
. . *
*
*
+
* . *
*
*
*
*
*
*
+
*
+
. *
+
* *
+
* * * *
+
*
+
*
+
* *
+
. . *
+
. *
+
* *
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
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Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
DP PRKEVTGS I QLCRDAG I RV IMI TGDNKGTA I A I CRR I G I FGENEEVADRAYTGRE FDDL PLAEQREACRRACCFARVEP SHKSK I VEYLQSYDE I TAM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
*
+
*
*
* *
+
*
*
*
+
*
+
. * * *
*
*
+
. . . . * * . * * * *
+
. *
*
*
*
*
*
* . . * * * . * * . . . * *
*
*
+
. * . *
*
*
*
. . . * * *
*
*
+
* *
*
. . . . *
*
+
. *
*
. * . . . . . * *
*
*
. * *
+
* * * *
*
* *
+
* . *
+
* . *
+
* * * . *
+
* * * . *
*
+
*
*
*
+
.
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TGDGVNDAPALKKAE I G I AMGSGTAVAKTAS EMVLADDNF S T I VAAVEEGRA I YNNMKQF I RYL I S SNVGEVVC I FLTAALGL PEAL I PVQLLWVNLVTD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . * . *
+
* * * * . . . . *
+
*
+
*
+
. . . *
+
*
+
. . * . * . . *
*
*
*
+
*
+
. * . * . . *
*
* *
+
*
+
. *
+
. . . . . . . . . . . *
+
. . *
*
. *
+
* *
*
. * * * * * * * . * * * * * *
+
*
*
*
+
* . . *
+
*
+
*
+
. . * *
+
* *
+
. *
+
. . * *
*
*
*
*
*
*
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
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Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GLPATALGFNP PDLD IMDRP PRS PKEP L I SGWL F FRYMA I GGYVGAATVGAAAWWFLYAEDGPHVNYSQLTHFMQCTEDNTHF EG I DCEVF EAPE PMTMA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. * * . . . *
+
*
+
. . * *
+
. . . *
+
. . *
+
. * . . *
+
. * * . * * *
1
.
0
1
*
. * *
+
. * *
*
* . . * . * *
*
. . * * * * . . . . . . *
*
* . *
*
*
*
. * * *
*
*
*
*
*
+
. *
*
+
*
*
*
*
. . *
*
*
* *
+
*
*
*
+
*
+
*
+
*
*
*
*
+
*
*
+
*
+
*
*
* . . . *
*
*
+
* *
*
+
*
+
* * * . * . . * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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Residue properties
5673387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L SVLVT I EMCNALNS LS ENQS LLRMP PWVN IWLLGS I CL SMSLHF L I LYVDPL PMI FKLRALDLTQWLMVLK I SL PV I GLDE I LKFVARNYLED  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. * * * *
*
* *
+
* . . *
*
* * * * * * * . * * * *
*
*
* * *
+
*
+
*
+
*
*
*
+
. * * * . . . . . * . . . * * * . *
*
*
*
*
7
.
4
*
*
*
*
*
*
+
*
+
* *
+
*
*
. *
*
+
*
+
* *
*
*
+
. . * . * *
+
*
+
* *
+
. *
+
* * * *
*
+
* . *
*
. *
*
*
+
. . *
+
. * . *
*
+
*
4
.
5
*
*
*
. . .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Page 10
Ave
  -0.12
  -0.18
  -0.02
   0.45
  -0.51
  -0.19
   0.50
   0.36
   0.42
   0.05
   	
    !
"!#$	
    ! 
%&'()*&+,-+.&'()*&/0('1(23/45./67899:8/+/;<=(2/>///////////////////////////////////////////////////////////////////////////?=3&//@/++++++++++++++++++++++++++++++++++++++++//A<('/0('1(23/<(3<0(3<1'/1<&/.&'()*&'/(2/1<&/'1.*B1*.&/C<(B</D=-/2&&)/(2E&'1(3=1(52F//A<&/()&=0/E=0*&'/=2)/'1=2)=.)/)&E(=1(52'/=3=(2'1/C<(B</1<&/'1.*B1*.&/<='/,&&2/B5DG=.&)/=.&/'<5C2/(2/1<&/45005C(23/1=,0&H//////////////////////////////I+++++++++++++++++++++++++++++++/J/K/L/>/M///N/>/M/O/L/P/+++++++++++++++++++++++++++++++Q//////////////////////////////;<(+@/)(<&).=0/////////?.50(2&/?<(//R&0(S//;<(+9///;<(+9/K('*0G</TD&3=//R+,52)/;<(.=0(1-/////////////////////////////3U+V/1.=2'/3UWV//;<(+X///G<(//<&0(S//G'(//.1+<=2)/04+<=2)//,52)/)(<&).=0//&2F///;+=0G<=///////////////////////////++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++//////J)&=0/E=0*&////////////7YF@/@:9F7/+77F8/@88FY/+76FY/+76F9/+9ZFY///Z7F:///+:6F:////XF[///@:[F[///+XF[/////99FZ//////P1=2)=.)/)&E(=1(52/////@6F8//@7F://@6F[//@:F6//@@FX//@@FZ//@@F9///@YF:////@[F8////[F@/////6F:////[F://////9F6///////////////////////////++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++///J2/1<&/0('1(23/,&05C\/G.5G&.1(&'/1<=1/)&E(=1&/4.5D/1<&'&/E=0*&'/=.&/<(3<0(3<1&)/,-/='1&.(']'/=2)/G0*'+'(32'F/L=B</='1&.(']/.&G.&'&21'/52&/'1=2)=.)/)&E(=1(52\/=2)/&=B</G0*'+'(32/.&G.&'&21'/<=04/=/'1=2)=.)/)&E(=1(52F/P5\/=/<(3<0(3<1/'*B</='/W^^^\/(2)(B=1&'/1<=1/1<&/E=0*&/54/1<&/G=.=D&1&./('/,&1C&&2/9F6/=2)/YF[/'1=2)=.)/)&E(=1(52'/4.5D/1<&/()&=0/E=0*&/'<5C2/=,5E&F//_<&.&/1<&/)&E(=1(52/('/3.&=1&./1<=2/YF6/'1=2)=.)/)&E(=1(52'/(1'/2*D&.(B=0/E=0*&/('/'<5C2`/45./&S=DG0&\/^6F6^F//A<&/4(2=0/B50*D2/3(E&'/1<&/D=S(D*D/)&E(=1(52/(2/&=B</.5C\/C<(0&/1<&/D=S(D*D/B50*D2/)&E(=1(52'/=.&/'<5C2/=1/1<&/&2)/54/1<&/0('1(23F/>0'5/=1/1<&/&2)/=.&/1<&/]&-'/15/1<&/B5)&'/*'&)/45./1<&/'&B52)=.-/'1.*B1*.&/=2)/%=D=B<=2).=2/G051/=''(32D&21'F///a*00/G.(21+5*1F///FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF//%&'()*&/////b=,'B</%&3(52/+++++++++////P=2)&.///54/c5F//A-G&/P&d//'&B//%=DB<F//;<(+@/)(<&).=0///;<(+X/?.50(2&/?<(//R&0(S//;<(+9///;<(+9/K('*0G</TD&3=//R+,52)/;<(.=0(1-///e=)//////f=S///;<=(2///25F/'1.*B//G051///3U+V/1.=2'/3UWV//1.=2'///G<(//<&0(S//G'(//.1+<=2)/04+<=2)//,52)/)(<&).=0//&2F///;+=0G<=//B521=B1'///)&E/+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++////@>/fLA///@///1/////+///////+/////+//+8ZF8/@:ZF@////+/////+/////+//////+///////+//////+////@:[F6/////+//////98F6//////+//////////////////////////////////////////////////////////////////////////////////////////////////////////////////^/////////////////^///X>/gMO///X///A/////>///////+/////+//+9YF[////+/////+/////+/////+//////+///////+//////+////@:6F7/////+//////9YF7//////+///////////////////////////////////////////^ /^////////////////////////////////////////////////////////////////////////////////////^^////9>/>M>///9///3/////=///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////@:[FZ/////+//////9YF[//////+////Y>/>M>///Y///g/////>///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////@:9F7///+@F9/////99F6//////+/////////////////////////////////////////////////////////////////////////////////////////////////////////^//////////////////////////^///6>/RJP///6///g/////>/////77FY////+/////+/////+/////+/////+/////+//////+///////+//////+////@:[FY/////+//////96F[//////+////7>/>M>///7///g/////>///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////@8:F:///+@F://///9XF9//////+////8>/MhP///8///3/////e///////+/////+//+Y:F8////+/////+/////+/////+//////+///////+//////+////@88F8///+XF[/////99F://////+////////////////////////////////////////////^///////////////////////////////////////////////////////////////////////////////////////^///:>/AR%///:///</////e/////7@F[////+/////+/////+/////+/////+/////+//////+///////+//////+////@89F9/////+//////9YFY//////+//////////////////////////////////////////////////////////////////////////////////////////////////^/////////////////////////////////^///Z>/AR%///Z///R/////>/////Y9F:////+/////+/////+/////+//+7@F9/+Y7FZ/////+///////+//////+////@86FZ/////+//////97FY//////+////////////////////////////////^///////////////////////////////////////////////////////////////////////////////////////////////////^//@[>/gMO//@[///R/////>///////+/////+//+78F7////+/////+//+69F[/+6[F9/////+///////+//////+////@:XF[/////+//////9XF8//////+//////////////////////////////////////////////////////////////^/////////////////////////////////////////////////////////////////////^//@@>/gMO//@@///R/////>///////+/////+//+89FX/@6:F8////+//+7XFZ/+X8F6/////+///////+//////+////@:@FX/////+//////9YF[//////+//////////////////////////////////////////////////^/////////////////^///////////////////////////////////////////////////////////////^//@X>/;hP//@X///R/////>///////+/////+//+8[F[////+/////+//+8:FX/+Y@F@/////+///////+//////+////@8YF9///+@F9/////9@F8//////+//////////////////////////////////////////////////////////////^/////////////////////////////////////////////////////////////////////^//@9>/MLO//@9///R/////>///////+/////+//+8[F6/@77F9////+//+7XF6/+YXF[/////+///////+//////+////@:[F7///+XF6/////9YF://////+///@Y>/>M>//@Y///R/////>///////+/////+/////+/////+/////+//+79FZ/+Y9FY/////+///////+//////+////@:XF7///+XF7/////99F@//////+///@6>/Ah%//@6///R/////>///////+//@:9F9////+/////+/////+//+66F7/+YYF@/////+///////+//////+////@:9F@///+@F://///9YF@//////+///@7>/?RL//@7///R/////>///////+/////+//+8XF8////+/////+//+:ZFZ//+YF6/////+///////+//////+////@8ZF:///+@FY/////99FX//////+/////////////////////////////////////////////////////////////^ /^//^^^////////////////////////////////////////////////////////////^^ /^//@8>/gMh//@8///</////+///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////@:7F9///+[F8///////+///////+//////////////////////////////////////////////////////////////////////////////////////////////////^/////W^////////////////////////W^///%&'()*&+,-+.&'()*&/0('1(23/45./67899:8/+/;<=(2/>///////////////////////////////////////////////////////////////////////////?=3&//X/++++++++++++++++++++++++++++++++++++++++//FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF//%&'()*&/////b=,'B</%&3(52/+++++++++////P=2)&.///54/c5F//A-G&/P&d//'&B//%=DB<F//;<(+@/)(<&).=0///;<(+X/?.50(2&/?<(//R&0(S//;<(+9///;<(+9/K('*0G</TD&3=//R+,52)/;<(.=0(1-///e=)//////
   	
    !
"!#$	
    !  
%&'((()*&+,(((,-.(/0123((45-0(((6789(01&,/(67:9((01&,/(((4*+((*;5+'((4/+((108*&,<(5=8*&,<((>-,<(<+*;<1&5((;,.((()8&54*&((3-,0&30/(((<;?(88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888(((@AB(CBD((@A(((0(((((E(((((FA.G((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HI.J(((8K.@(((((JK.I((((((8(((@LB(MNO((@L(((0(((((E(((((((8((@PJ.A((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HH.I(((((8((((((JJ.F((((((8((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((KGB(RDS((KG(((T(((((B(((((((8((@HI.F((((8((@PL.I((((8(((((8(((((8((((((8(((((((8((((((8((((@AA.P(((8G.F(((((JF.J((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((((:Q((((((((((((((((((((((((:Q(((K@B(TUO((K@(((T(((((B(((((FJ.F((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HF.I(((((8((((((J@.I((((((8(((KKB(TUO((KK(((T(((((&(((((PH.I((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@AL.P(((((8((((((JJ.F((((((8(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((((((((((:Q(((KJB(RDV((KJ(((0(((((8(((((((8(((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@AA.L(((8J.G(((((((8(((((((8(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q((((((Q((((((((((((((((((((((((:Q(((KIB(DNS((KI(((E(((((E(((((((8(((((8((8PJ.K(@PL.L((((8(((((8(((((8((((((8(((((((8((((((8((((@HH.P(((8G.P(((((JJ.J((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q((((((((((((((((((((((((:Q(((KFB(TUO((KF(((*(((((E(((((PI.F((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@AF.H(((((8((((((JK.@((((((8(((KPB(WOX((KP(((U(((((8(((((((8(((((8(((((8(((((8((8HK.K(8HK.K(8KP.L(((((8(((((((8((((((8((((@HG.@(((((8((((((JH.H((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((:Q(((((((((((((((Q(((((((((((((((:Q(((KHB(BMW((KH(((U(((((B(((((((8((@LJ.A((((8(((((8(((((8((8PJ.F(8JH.P(((((8(((((((8((((((8((((@HA.L(((((8((((((JK.L((((((8(((KAB(RDY((KA(((U(((((B(((((((8(((((8((8HH.A(@HH.K((((8((8PI.A(8IP.K(((((8(((((((8((((((8((((@AG.P(((((8((((((JK.A((((((8(((KLB(CBD((KL(((U(((((B(((((((8((@PL.I((((8(((((8(((((8((8FP.@(8FI.K(((((8(((((((8((((((8((((@HA.L(((8K.A(((((J@.P((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((JGB(DVM((JG(((U(((((B(((((((8((@HI.P((((8((@LF.I((((8((8FF.L(8I@.H(((((8(((((((8((((((8((((@HA.I(((8K.I(((((JJ.P((((((8(((J@B(BOR((J@(((U(((((B(((((((8(((((8((8AK.H(@PK.L((((8((8PL.I(8IJ.K(((((8(((((((8((((((8((((@A@.G(((8K.G(((((JK.P((((((8((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((JKB(BMY((JK(((U(((((B(((((((8(((((8((8HG.G((((8(((((8((8PA.A(8JF.L(((((8(((((((8((((((8((((@HH.@(((8J.K(((((JI.F((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q((((((((((((((((((((((((:Q(((JJB(DNS((JJ(((U(((((B(((((((8((KGK.K((((8(((((8(((((8((8PF.H(8IK.F(((((8(((((((8((((((8((((@HI.J(((8K.A(((((JF.@((((((8((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((((((((((((((((((((((((Q(((JIB(RDS((JI(((U(((((B(((((((8((K@K.I((((8((@HJ.J((((8((8PH.I(8JF.J(((((8(((((((8((((((8((((@AJ.K(((8@.P(((((JJ.F((((((8(((((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q(((JFB(DVM((JF(((U(((((B(((((((8((@AG.K((((8((@HL.J((((8((8HH.P(8IF.L(((((8(((((((8((((((8((((@L@.K(((8@.L(((((JJ.G((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((((((((((:Q(((JPB(TVO((JP(((U(((((B(((((((8(((((8((8FP.P((((8(((((8(8@G@.G((8H.L(((((8(((((((8((((((8((((@AK.H(((8K.L(((((JJ.H((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((QQQ(((:QQ((((((((((((((((((((((((((((((((((((Q(((((((((((((((((((((((QQQ(((JHB(RDV((JH(((*(((((8(((((((8(((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HH.H(((8@.F(((((((8(((((((8(((JAB(DNS((JA(((((((((E(((((((8(((((8((8PL.@((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@AG.A(((((8((((((JJ.A((((((8(((JLB(BMY((JL(((M(((((>(((((((8((@HF.H((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HL.G(((8K.J(((((JK.H((((((8(((IGB(RDS((IG(((M(((((E(((((FA.K((((8(((((8((@HL.I((((8(((((8(((((8((((((8(((((((8((((((8((((@HK.L(((8@.F(((((JI.G((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((Q(((I@B(DNS((I@(((((((((E(((((((8(((((8((8FF.P(@HL.P((((8(((((8(((((8((((((8(((((((8((((((8((((@AG.I(((((8((((((JF.G((((((8(((IKB(WOX((IK(((((((((8(((((((8(((((8(((((8(((((8((8FP.I((((8(((((8((((((8(((((((8((((((8((((@AK.K(((((8((((((JH.P((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((Q(((IJB(BDB((IJ(((((((((E(((((((8(((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HJ.L(((((8((((((JJ.H((((((8((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((Q(((IIB(RDS((II(((((((((E(((((PH.I((((8(((((8((@FP.G((((8(((((8(((((8((((((8(((((((8((((((8((((@PL.@(((((8((((((JI.K((((((8((((((((((((((((((((((((((((((((((((((((((((((((((Q((((((((((((((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((((((((((:Q(((IFB(RDS((IF(((((((((E(((((((8(((((8((8LP.I(@LA.L((((8(((((8(((((8((((((8(((((((8((((((8((((@HJ.I(((((8((((((JI.J((((((8(((((((((((((((((((((((((((((((((((((((((((:Q(((((Q(((((((((((((((((((((((((((((((((((((((((((((((Q(((((((((((((((((((((((((((((((:Q(((IPB(RDV((IP(((((((((8(((((((8(((((8(((((8(((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@HF.L(((((8((((((((8(((((((8(((IHB(DVM((IH(((((((((E(((((((8((@AJ.G((((8((@AK.A((((8(((((8(((((8((((((8(((((((8((((((8((((@AF.J(((8@.@(((((JJ.@((((((8(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((Q(((((((((((((((((((((((((Q(((IAB(TUO((IA(((*(((((E(((((((8(((((8(8@@@.@((((8(((((8(((((8(((((8((((((8(((((((8((((((8((((@AG.K(((8G.L(((((JJ.P((((((8((((((((((((((((((((((((((((((((((((((((((:QQ(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((:QQ(((ILB(DNS((IL(((U(((((B(((((((8((@HA.J((((8(((((8(((((8((8PF.P(8IF.G(((((8(((((((8((((((8((((@HP.H(((((8((((((JJ.H((((((8(((FGB(TOW((FG(((U(((((B(((((((8((@H@.I((((8(((((8(((((8((8PJ.P(8IP.L(((((8(((((((8((((((8((((@HF.H(((((8((((((JJ.G((((((8(((F@B(RDS((F@(((U(((((B(((((((8(((((8((8PA.A(@HL.L((((8((8PG.@(8KK.J(((((8(((((((8((((((8((((@AG.P(((((8((((((JJ.L((((((8(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((:Q(((FKB(DNS((FK(((U(((((B(((((((8((@HI.P((((8(((((8(((((8((8LI.G(8JF.K(((((8(((((((8((((((8((((@HI.@(((8@.G(((((JJ.A((((((8(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((QQ(((((((((((((((((((((((((((((((((((Q((((((Q((((((((((((((((((((((((QQ(((O;/+<2;8>Z81;/+<2;(5+/0+,6(=-1(FPHJJAH(8()*&+,(B(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W&6;((J(8888888888888888888888888888888888888888((...................................................................................................................................((O;/+<2;((((([&>/3*(O;6+-,(888888888((((M&,<;1(((-=(
   	
    !
"!#$	
    ! 
%&'(()*+,(-,.((/,0((12304'((54678(964,9:2;(((5467<(=:&;6>,(=46((?,;6@((5467A(((5467A(B6/C;+4(D3,E2((?7F&>9(546:2;6G*(((H29((((((I2@(((5426>(((>&'(/G:C0((+;&G(((EJ7K(G:2>/(EJLK((G:2>/(((+46((4,;6@((+/6((:G742>9(;M742>9((F&>9(964,9:2;((,>'(((572;+42((0&>G20G/(((9,N(77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777(((OAP(QPR((OA(((?(((((P(((((((7((8SA'T((((7(((((7(((((7((7S<'O(7UV'T(((((7(((((((7((((((7((((8TT'<(((7<'T(((((A<'U((((((7((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((OUP(XRY((OU(((?(((((P(((((((7(((((7((7ST'S((((7(((((7((7S<'<(7AZ'A(((((7(((((((7((((((7((((8TT'O(((7<'<(((((A<'U((((((7(((OOP([R\((OO(((?(((((P(((((((7(((((7((7]V'<(8]O']((((7((7OT'](7A<'O(((((7(((((((7((((((7((((8TO'O(((7V'S(((((AA'T((((((7((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((LW((((((((((((((((((((((((LW(((OSP([R%((OS(((?(((((P(((((((7(((((7((7UO'<((((7(((((7((7OZ'U(7AU'T(((((7(((((((7((((((7((((8]V'Z(((7V'Z(((((A<']((((((7((((((((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((W(((OTP(=?Y((OT(((4(((((P(((((((7(((((7((7SZ'V((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]8'T(((78'V(((((A8'<((((((7(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((W(((O]P([R\((O]((()(((((P(((((((7((8]Z'A((((7(((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]A'](((78'O(((((A<'Z((((((7(((OZP(P-=((OZ(((4(((((H(((((((7(((((7((7UO'O((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]]'S(((7V'S(((((A8'<((((((7((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((LW((((((((((((((((((((((((LW(((SVP(RY\((SV(((?(((((P(((((((7((<<<'S((((7((8TS'S((((7((7OU'S(7U<'V(((((7(((((((7((((((7((((8]U'8(((((7((((((AU']((((((7(((((((((((((((((((((((((((((((((((((WW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((WW(((S8P(RY\((S8(((?(((((P(((((((7(((((7((7SO'V(8T]'V((((7((7T8'U(7A<'](((((7(((((((7((((((7((((8TS'U(((((7((((((AA'8((((((7(((S<P(QPR((S<(((?(((((P(((((((7(((((7((7O8'V((((7(((((7((7T<'8(7<S'T(((((7(((((((7((((((7((((8TO'U(((7V'O(((((<Z'Z((((((7((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((W(((((((((((((((((((((((((((((((((((WW((((((((W(((((((((((((((WW(((SAP(P1[((SA(((?(((((P(((((((7(((((7((7SZ'S(8TU'U((((7((7SS'V(7OV'T(((((7(((((((7((((((7((((8TO'A(((78'T(((((AA'V((((((7((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((SUP(XRY((SU(((?(((((P(((((((7(((((7((7OV'<((((7(((((7((7OA'A(7U]'<(((((7(((((((7((((((7((((8TZ'U(((7<'<(((((AA'S((((((7((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((W((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((SOP(RY\((SO(((?(((((P(((((((7((8Z]'S((((7(((((7(((((7((7SV'S(7AO'U(((((7(((((((7((((((7((((8T]'U(((7<'A(((((AA'T((((((7(((SSP(RY\((SS(((?(((((P(((((((7((8ZV'O((((7(((((7(((((7((7TV'T(7UV'U(((((7(((((((7((((((7((((8TT'Z(((78'T(((((AA']((((((7(((STP(RY\((ST(((?(((((P(((((((7((8S8'O((((7(((((7(((((7((7S8'Z(7UU'S(((((7(((((((7((((((7((((8TZ'](((7<'T(((((AU'S((((((7((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((S]P(PRP((S](((?(((((P(((((((7(((((7(((((7(((((7(((((7((7S8'](7AS'T(((((7(((((((7((((((7((((8TT'](((7<'Z(((((AA'U((((((7(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((W(((SZP(PRP((SZ(((?(((((P(((((((7(((((7(((((7(((((7(((((7((7S8'<(7AZ'Z(((((7(((((((7((((((7((((8]<'Z(((78'](((((AA'T((((((7(((TVP(5^-((TV(((?(((((P(((((((7(((((7((7SS'8((((7(((((7((7T8'S(7AZ'U(((((7(((((((7((((((7((((8TO'O(((78'](((((AA'Z((((((7(((T8P(XRY((T8(((?(((((P(((((((7(((((7((7O<'8((((7(((((7((7ST'O(7UV'8(((((7(((((((7((((((7((((8TO'<(((7<'8(((((A<'V((((((7(((T<P(-Y1((T<(((?(((((P(((((((7((8TO']((((7(((((7(((((7((7SU'U(7AT'8(((((7(((((((7((((((7((((8TT'A(((7<'T(((((AU'T((((((7(((TAP(=?Y((TA(((?(((((P(((((((7((8TT'O((((7(((((7(((((7((7TV'<(7UT'O(((((7(((((((7((((((7((((8T]'](((7<'<(((((AA'8((((((7(((TUP(QPR((TU(((?(((((P(((((((7((8O8'<((((7(((((7(((((7((7O]'S(7AO'T(((((7(((((((7((((((7((((8TT'T(((7A'V(((((A8'Z((((((7(((((((((((((((((((((((((((((((((((((LW((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((LW(((TOP(RY\((TO(((?(((((P(((((((7(((((7((7ZS'V((((7(((((7((7TU'](7AT'<(((((7(((((((7((((((7((((8TS'T(((7<'A(((((A<'A((((((7(((((((((((((((((((((((((((((((((((((((((((LW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((LW(((TSP(PRP((TS(((?(((((P(((((((7(((((7(((((7(((((7(((((7((7OT'](7A8'V(((((7(((((((7((((((7((((8TS'<(((78'Z(((((AA'<((((((7(((TTP()1=((TT(((?(((((2(((((((7((<VA'A((((7(((((7(((((7((7TO'T(7TT'O(((((7(((((((7((((((7((((8]<'A(((78'U(((((AA'V((((((7((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((((WWW((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((WWW(((T]P(=?Y((T](((4(((((F(((((((7((<<O'O((((7(((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]T'S(((78'](((((AA'O((((((7(((((((((((((((((((((((((((((((((((((WW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((((((((WW(((TZP([R\((TZ(((((((((H(((((((7((<8<']((((7((<8<']((((7(((((7(((((7((((((7(((((((7((((((7((((8T]'<(((7<'A(((((AA'U((((((7(((((((((((((((((((((((((((((((((((((LW((((((((((LW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((LW(((]VP([R\((]V(((((((((F(((((((7(((((7((7ZV'O(<VA'O((((7(((((7(((((7((((((7(((((((7((((((7((((8TV'V(((((7((((((A8'8((((((7(((((((((((((((((((((((((((((((((((((((((((LW(((((W((((((((((((((((((((((((((((((((((((((((((((((LW(((((((((((((((((((((((((((((((LW(((]8P([R^((]8(((-(((((7(((((((7(((((7(((((7(((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8T8'](((((7((((((((7(((((((7((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((W(((]<P([R\((]<(((((((((2(((((ZU'U((((7(((((7(((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]U'U(((((7((((((A8'O((((((7(((((((((((((((((((((((((((((((LW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((LW(((]AP([R\((]A(((4(((((H(((((((7(((((7((7<]']((((7(((((7(((((7(((((7((((((7(((((((7((((((7((((8]S'O(((((7((((((AA'A((((((7((((((((((((((((((((((((((((((((((((((((((LWW(((((((((((((((((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((LWW(((]UP()?1((]U(((?(((((P(((((((7((8TT'<((((7(((((7(((((7((7TZ'<(7<]'Z(((((7(((((((7((((((7((((8T]'Z(((7V'S(((((A8'<((((((7((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((((((((((((((((((LW((((((((((((((((((((((((LW(((]OP(XRY((]O(((?(((((P(((((((7((8]U'Z((((7(((((7(((((7((7]V'V(7U<'O(((((7(((((((7((((((7((((8]T'U(((((7((((((A8']((((((7((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((W(((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((((((W(((]SP()?1((]S(((?(((((P(((((((7((<V]'S((((7(((((7(((((7((7S]'](78S'](((((7(((((((7((((((7((((8]U'Z(((((7((((((A8'U((((((7((((((((((((((((((((((((((((((((((((((W((((((((((((((((((((((((((((WW(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((WW(((1,/69C,7F*7:,/69C,(;6/G6>E(M&:(OSTAA]T(7(5426>(P(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((=2E,((U(7777777777777777777777777777777777777777(('''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(
   	
    !
"!#$	
    ! %
&'()*+,(&&&&&-./)01&'(2*34&555555555&&&&6.4+(7&&&38&93:&&;<=(&6(>&&)(0&&'.?01:&&@1*5A&+*1(+7.B&&&@1*5C&D73B*4(&D1*&&E(B*F&&@1*5G&&&@1*5G&H*),B=1&I?(2.&&E5/34+&@1*7.B*J<&&&K.+&&&&&&L.F&&&@1.*4&&&43:&)J7,0&&=B3J&&&2M5N&J7.4)&2MON&&J7.4)&&&=1*&&1(B*F&&=)*&&7J51.4+&B851.4+&&/34+&+*1(+7.B&&(4:&&&@5.B=1.&&034J.0J)&&&+(P&55555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555&&&QRS&STS&&QR&&&E&&&&&S&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5QC:A&5UR:V&&&&&5&&&&&&&5&&&&&&5&&&&AQW:G&&&5V:U&&&&&GC:X&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&YY&&&&&&&&&&&&&&&&&&&&&&&&YY&&&QQS&DEZ&&QQ&&&1&&&&&.&&&&&&&5&&&&&5&&5RG:X&&&&5&&&&&5&&&&&5&&&&&5&&&&&&5&&&&&&&5&&&&&&5&&&&ARR:Q&&&5V:W&&&&&GC:V&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&OY&&&QXS&[ST&&QX&&&E&&&&&S&&&&&&&5&&AWW:W&&&&5&&&&&5&&&&&5&&5WQ:G&5UU:G&&&&&5&&&&&&&5&&&&&&5&&&&AQV:X&&&&&5&&&&&&GG:R&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&XVS&\T]&&XV&&&E&&&&&S&&&&&&&5&&ARW:C&&&&5&&ARV:C&&&&5&&5^R:G&5UR:C&&&&&5&&&&&&&5&&&&&&5&&&&AQA:W&&&5V:R&&&&&GC:X&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&OY&&&XAS&D'I&&XA&&&E&&&&&5&&&&&&&5&&&&&5&&&&&5&&&&&5&&5WR:X&5WR:X&5CG:R&&&&&5&&&&&&&5&&&&&&5&&&&ARW:W&&&&&5&&&&&&GQ:^&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&Y&&&XCS&DEZ&&XC&&&E&&&&&S&&&&&&&5&&CVV:R&&&&5&&&&&5&&&&&5&&5WX:X&5^A:R&&&&&5&&&&&&&5&&&&&&5&&&&ARX:R&&&5V:X&&&&&GG:U&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&XGS&[ST&&XG&&&E&&&&&S&&&&&&&5&&AQQ:A&&&&5&&&&&5&&&&&5&&5UR:Q&5U^:Q&&&&&5&&&&&&&5&&&&&&5&&&&ARX:V&&&5C:A&&&&&G^:G&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&X^S&_TZ&&X^&&&E&&&&&S&&&&&&&5&&&&&5&&5U^:W&AWW:A&&&&5&&5UR:U&5^Q:U&&&&&5&&&&&&&5&&&&&&5&&&&ARX:V&&&5A:W&&&&&GU:A&&&&&&5&&&XUS&TZ]&&XU&&&E&&&&&S&&&&&&&5&&CC^:W&&&&5&&AUW:^&&&&5&&5UR:A&5^W:A&&&&&5&&&&&&&5&&&&&&5&&&&ARX:U&&&5A:Q&&&&&GU:W&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&&XWS&TZ]&&XW&&&E&&&&&S&&&&&&&5&&AQ^:C&&&&5&&A^G:Q&&&&5&&5W^:U&5GX:W&&&&&5&&&&&&&5&&&&&&5&&&&ARW:A&&&5G:V&&&&&GG:^&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&OY&&&XRS&_TZ&&XR&&&E&&&&&S&&&&&&&5&&&&&5&&5RG:G&AWA:Q&&&&5&&5WC:G&5^W:^&&&&&5&&&&&&&5&&&&&&5&&&&ARW:A&&&5C:U&&&&&GG:^&&&&&&5&&&XQS&TZ]&&XQ&&&E&&&&&S&&&&&&&5&&&&&5&&5WX:Q&AWQ:A&&&&5&&5WA:U&5GQ:^&&&&&5&&&&&&&5&&&&&&5&&&&ARX:^&&&5C:W&&&&&GC:W&&&&&&5&&&XXS&_TZ&&XX&&&E&&&&&S&&&&&&&5&&&&&5&&5W^:C&ARU:Q&&&&5&&5RV:U&5^X:U&&&&&5&&&&&&&5&&&&&&5&&&&AR^:^&&&5C:^&&&&&GV:W&&&&&&5&&AVVS&STS&AVV&&&E&&&&&S&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5U^:G&5^A:Q&&&&&5&&&&&&&5&&&&&&5&&&&AR^:W&&&5G:G&&&&&GG:^&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&OY&&AVAS&S69&AVA&&&E&&&&&S&&&&&&&5&&&&&5&&5XQ:C&&&&5&&&&&5&&5UU:R&5^X:A&&&&&5&&&&&&&5&&&&&&5&&&&ARQ:U&&&5C:C&&&&&GU:V&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&AVCS&STS&AVC&&&E&&&&&S&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5WG:X&5^G:X&&&&&5&&&&&&&5&&&&&&5&&&&ARQ:C&&&5A:X&&&&&GG:G&&&&&&5&&AVGS&_TZ&AVG&&&E&&&&&S&&&&&&&5&&&&&5&&5WX:A&AUW:V&&&&5&&5UA:U&5^Q:W&&&&&5&&&&&&&5&&&&&&5&&&&AQA:C&&&5G:V&&&&&GC:Q&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AV^S&[ST&AV^&&&E&&&&&S&&&&&&&5&&ARR:X&&&&5&&&&&5&&&&&5&&5WU:C&5UV:A&&&&&5&&&&&&&5&&&&&&5&&&&ARR:^&&&5C:C&&&&&GC:G&&&&&&5&&AVUS&\T`&AVU&&&E&&&&&5&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5^X:^&5GR:X&&&&&5&&&&&&&5&&&&&&5&&&&ARQ:G&&&5C:^&&&&&&&5&&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AVWS&[ST&AVW&&&E&&&&&S&&&&&&&5&&AUX:V&&&&5&&&&&5&&&&&5&&5RG:C&5^C:W&&&&&5&&&&&&&5&&&&&&5&&&&ARU:A&&&5C:V&&&&&GG:W&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AVRS&;'D&AVR&&&E&&&&&S&&&&&&&5&&AR^:Q&&&&5&&&&&5&&&&&5&&5UV:Q&5^C:Q&&&&&5&&&&&&&5&&&&&&5&&&&AQU:W&&&5C:V&&&&&G^:Q&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AVQS&\T9&AVQ&&&E&&&&&S&&&&&&&5&&&&&5&&5W^:U&ARA:C&&&&5&&5RC:R&5CR:V&&&&&5&&&&&&&5&&&&&&5&&&&ARW:A&&&5C:V&&&&&GG:Q&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AVXS&\T]&AVX&&&E&&&&&S&&&&&&&5&&&&&5&&5XV:W&&&&5&&&&&5&&5QA:C&5GX:W&&&&&5&&&&&&&5&&&&&&5&&&&ARU:Q&&&5V:R&&&&&GA:A&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&OY&&AAVS&S'\&AAV&&&E&&&&&S&&&&&&&5&&&&&5&&5UR:^&AWR:V&&&&5&&5WU:C&5CU:Q&&&&&5&&&&&&&5&&&&&&5&&&&ARQ:W&&&5C:V&&&&&GC:V&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AAAS&S69&AAA&&&1&&&&&S&&&&&&&5&&&&&5&&5WQ:X&&&&5&&&&&5&&&&&5&&&&&5&&&&&&5&&&&&&&5&&&&&&5&&&&ARR:A&&&5A:A&&&&&G^:G&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AACS&STS&AAC&&&J&&&&&K&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&&&&&5&&&&&&&5&&&&&&5&&&&AWG:A&&&5A:^&&&&&G^:^&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OYY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OYY&&AAGS&\T]&AAG&&&&&&&&&K&&&&&&&5&&&&&5&&5^U:^&ARV:X&&&&5&&&&&5&&&&&5&&&&&&5&&&&&&&5&&&&&&5&&&&ARX:R&&&&&5&&&&&&GU:V&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AA^S&S69&AA^&&&1&&&&&K&&&&&&&5&&ARU:Q&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&&&&&5&&&&&&&5&&&&&&5&&&&AXV:W&&&&&5&&&&&&G^:G&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&OY&&AAUS&STS&AAU&&&E&&&&&S&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5WC:U&5^Q:U&&&&&5&&&&&&&5&&&&&&5&&&&ARU:Q&&&&&5&&&&&&G^:V&&&&&&5&&AAWS&_TZ&AAW&&&E&&&&&S&&&&&&&5&&&&&5&&5RA:^&AU^:^&&&&5&&5UC:U&5^V:^&&&&&5&&&&&&&5&&&&&&5&&&&ARR:R&&&&&5&&&&&&GA:Q&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AARS&\T]&AAR&&&E&&&&&S&&&&&&&5&&&&&5&&5RR:X&&&&5&&&&&5&&5RA:A&5CG:^&&&&&5&&&&&&&5&&&&&&5&&&&ARX:V&&&&&5&&&&&&GG:G&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&AAQS&STS&AAQ&&&E&&&&&S&&&&&&&5&&&&&5&&&&&5&&&&&5&&&&&5&&5RW:G&5CW:W&&&&&5&&&&&&&5&&&&&&5&&&&ARW:^&&&5V:X&&&&&GC:Q&&&&&&5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&'()*+,(5/<57()*+,(&B*)J*42&837&UWRGGQR&5&@1.*4&S&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&D.2(&&U&
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&&()*+,-)&&&&&./0*12&()3+45&%%%%%%%%%&&&&6/5,)7&&&48&94'&&:;<)&6)=&&*)1&&(/>12'&&?2+%@&,+2),7/A&&&?2+%B&C74A+5)&C2+&&D)A+E&&?2+%F&&&?2+%F&G+*-A<2&H>)3/&&D%045,&?2+7/A+I;&&&J/,&&&&&&K/E&&&?2/+5&&&54'&*I7-1&&<A4I&&&3L%M&I7/5*&3LNM&&I7/5*&&&<2+&&2)A+E&&<*+&&7I%2/5,&A8%2/5,&&045,&,+2),7/A&&)5'&&&?%/A<2/&&145I/1I*&&&,)O&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&@@PQ&RST&@@P&&&2&&&&&Q&&&&&&&%&&&&&%&&%UV'V&@WP'B&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VX'X&&&%@'@&&&&&FX'V&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@BZQ&R[6&@BZ&&&\&&&&&Q&&&&&&&%&&&&&%&&%VF'U&@U]'B&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UV'W&&&%Z'U&&&&&F@'U&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&NY&&@B@Q&\RT&@B@&&&\&&&&&Q&&&&&&&%&&@]F'U&&&&%&&BZB'X&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@V]'Z&&&%@'U&&&&&FW'Z&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@BBQ&:[(&@BB&&&\&&&&&Q&&&&&&&%&&&&&%&&%UB'W&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UP'Z&&&%B'Z&&&&&F@'P&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&@BFQ&\RT&@BF&&&3&&&&&J&&&&&@Z'U&&&&%&&&&&%&&@VW'@&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@V@']&&&%@'U&&&&&FZ'Z&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YYY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&YYY&&@BXQ&C(H&@BX&&&&&&&&&%&&&&&&&%&&&&&%&&&&&%&&&&&%&&%]P'P&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@V@'V&&&&&%&&&&&&FV'U&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&Y&&@BWQ&\RT&@BW&&&)&&&&&Q&&&&&&&%&&@VF'V&&&&%&&@VV'Z&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VV'@&&&&&%&&&&&&FF'V&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@BUQ&KS:&@BU&&&S&&&&&J&&&&&&&%&&&&&%&&%WZ'B&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UV'V&&&&&%&&&&&&FW'U&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&@B]Q&\R[&@B]&&&S&&&&&%&&&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VF'U&&&%B']&&&&&&&%&&&&&&&%&&@BVQ&R[6&@BV&&&S&&&&&J&&&&&&&%&&&&&%&&%UB'X&@UU'X&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]X'V&&&%Z'U&&&&&FW'W&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&NY&&@BPQ&^QR&@BP&&&S&&&&&J&&&&&&&%&&&&&%&&%WP'@&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UX'B&&&%B'F&&&&&FF'@&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NYY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NYY&&@FZQ&:[(&@FZ&&&S&&&&&J&&&&&&&%&&&&&%&&%UU'U&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]X'P&&&%B'B&&&&&FF'X&&&&&&%&&@F@Q&Q(\&@F@&&&J&&&&&J&&&&&&&%&&&&&%&&%]B'W&@]@'U&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VX'@&&&%Z'U&&&&&FF'B&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&NY&&@FBQ&QRQ&@FB&&&:&&&&&Q&&&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VF'P&&&%@'X&&&&&FF'@&&&&&&%&&@FFQ&Q6C&@FF&&&:&&&&&Q&&&&&WW'Z&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]P'B&&&&&%&&&&&&F@'F&&&&&&%&&@FXQ&Q(\&@FX&&&I&&&&&J&&&&&&&%&&&&&%&&%VU'P&@]Z'F&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@V@'B&&&%B'Z&&&&&FF'F&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@FWQ&R[6&@FW&&&6&&&&&Q&&&&&&&%&&@WU'P&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VP'X&&&&&%&&&&&&FF'P&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&@FUQ&6S(&@FU&&&6&&&&&J&&&&&UU'@&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VZ'F&&&&&%&&&&&&FF'B&&&&&&%&&@F]Q&^QR&@F]&&&&&&&&&J&&&&&UV'U&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VZ'U&&&&&%&&&&&&FB'W&&&&&&%&&@FVQ&\R9&@FV&&&S&&&&&J&&&&&XX'V&&&&%&&&&&%&&BZZ'P&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]V'W&&&%F'Z&&&&&FZ'W&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@FPQ&Q(\&@FP&&&S&&&&&J&&&&&VZ'W&&&&%&&&&&%&&@XW'W&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]]'P&&&&&%&&&&&&BP'V&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&NY&&@XZQ&_RS&@XZ&&&S&&&&&J&&&&&UW'U&&&&%&&&&&%&&@W@'U&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]V'X&&&%B']&&&&&FB']&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@X@Q&R[6&@X@&&&S&&&&&J&&&&&&&%&&&&&%&&%WV'W&BB]'X&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]]'U&&&&&%&&&&&&FF'V&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NYY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NYY&&@XBQ&QRQ&@XB&&&)&&&&&Q&&&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VF'X&&&%B'U&&&&&FX'B&&&&&&%&&@XFQ&Q(\&@XF&&&\&&&&&Q&&&&&]P'B&&&&%&&&&&%&&@VZ']&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]P'V&&&&&%&&&&&&F@'V&&&&&&%&&@XXQ&Q6C&@XX&&&\&&&&&Q&&&&&&&%&&&&&%&&%W]'F&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UP'V&&&%B'W&&&&&FF'Z&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&@XWQ&_RS&@XW&&&3&&&&&J&&&&&&&%&&&&&%&&%]Z'F&@UV'U&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]]'V&&&%B'Z&&&&&FX'W&&&&&&%&&@XUQ&^QR&@XU&&&I&&&&&J&&&&&&&%&&&&&%&&%]X'W&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]F'Z&&&&&%&&&&&&F]'B&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&@X]Q&C(H&@X]&&&:&&&&&%&&&&&&&%&&&&&%&&&&&%&&&&&%&&%WV'Z&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VB'W&&&&&%&&&&&&FP']&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&NY&&@XVQ&\R[&@XV&&&:&&&&&%&&&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@]F'P&&&%F'U&&&&&&&%&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Y&&&&&YY&&&&&&&&&&&&&&&&&&&&&&&&YY&&@XPQ&Q6C&@XP&&&)&&&&&J&&&&&&&%&&&&&%&&%PV'U&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@UV']&&&%@'V&&&&&FF'P&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YY&&@WZQ&_RS&@WZ&&&S&&&&&J&&&&&&&%&&&&&%&&%W]'Z&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VZ'V&&&%Z']&&&&&FX'X&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NY&&&&&&&&&&&&&&&&&&&&&&&&NY&&@W@Q&^QR&@W@&&&S&&&&&J&&&&&&&%&&&&&%&&%U@'W&&&&%&&&&&%&&&&&%&&&&&%&&&&&&%&&&&&&&%&&&&&&%&&&&@VZ']&&&%B'X&&&&&FF'@&&&&&&%&&&
   	
    !
"!#$	
    ! 
%&'()*&+,-+.&'()*&/0('1(23/45./67899:8/+/;<=(2/>///////////////////////////////////////////////////////////////////////////?=3&//7/++++++++++++++++++++++++++++++++++++++++//@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@//%&'()*&/////A=,'B</%&3(52/+++++++++////C=2)&.///54/D5@//E-F&/C&G//'&B//%=HB<@//;<(+I/)(<&).=0///;<(+J/?.50(2&/?<(//K&0(L//;<(+9///;<(+9/M('*0F</NH&3=//K+,52)/;<(.=0(1-///O=)//////P=L///;<=(2///25@/'1.*B//F051///3Q+R/1.=2'/3QSR//1.=2'///F<(//<&0(L//F'(//.1+<=2)/04+<=2)//,52)/)(<&).=0//&2@///;+=0F<=//B521=B1'///)&T/+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++//I6J>/UVW/I6J///X/////O///////+//IY9@I////+//I88@Y////+/////+/////+//////+///////+//////+////I8J@8///+J@Z/////97@I//////+//////////////////////////////////////////////////////////////////////////////////////////////////[////////////////////////////////[//I69>/\>V/I69///X/////O///////+/////+//+78@Y////+/////+/////+/////+//////+///////+//////+////I88@6///+J@8/////99@6//////+//I6]>/>V>/I6]///X/////O///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////I:Z@]/////+//////99@J//////+//I66>/\>V/I66///&/////,/////6]@]////+/////+/////+/////+/////+/////+//////+///////+//////+////I:I@8///+I@://///9J@7//////+//I67>/UV^/I67///E/////+///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////I8Y@6///+J@:///////+///////+//I68>/>C?/I68///1/////O///////+/////+//+:]@I////+/////+/////+/////+//////+///////+//////+////I76@I///+J@6/////9]@://////+////////////////////////////////////////////[///////////////////////////////////////////////////S[[//////////////////////////////S[[//I6:>/V^C/I6:///O/////O///////+//I:J@J////+//I68@8////+/////+/////+//////+///////+//////+////I8:@7/////+//////9]@]//////+//////////////////////////////////////////////////[////////////////////////////////////////////////////////////////////////////////[//I6Y>/\>V/I6Y/////////O///////+//I8:@:////+/////+/////+/////+/////+//////+///////+//////+////I::@J///+9@9/////9Z@8//////+//////////////////////////////////////////////////////////////////////////////////////////////////[/////S[////////////////////////S[//I7Z>/?%N/I7Z/////////+///////+/////+/////+/////+//+YJ@7////+/////+//////+///////+//////+////I8:@I/////+//////9:@7//////+///////////////////////////////////////////////////////[[/////////////////////////////////////////////////////////[///////////////[[//I7I>/>V>/I7I///C/////O///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////I8]@8/////+//////96@I//////+//I7J>/>C?/I7J///X/////O///////+/////+//+:J@]////+/////+/////+/////+//////+///////+//////+////IY9@Z///+I@7/////9J@Y//////+////////////////////////////////////////////[////////////////////////////////////////////////////[[///////////////////////////////[[//I79>/_VX/I79///X/////O///////+/////+//+78@9/I]I@J////+/////+/////+//////+///////+//////+////I86@6///+J@]/////96@J//////+/////////////////////////////////////////////////S[///////////////////////////////////////////////////////////////////////////////S[//I7]>/>%U/I7]///X/////O///////+//I76@9////+/////+/////+/////+/////+//////+///////+//////+////I:9@I///+9@6/////99@]//////+//////////////////////////////////////[/////////////////////////////////////////////////////////////////[[////////////////////////[[//I76>/_VX/I76///X/////O///////+/////+//+6:@Z/I69@Z////+/////+/////+//////+///////+//////+////I8:@8///+9@Z/////99@6//////+//////////////////////////////////////////////////[//////////////////////////////////////////////////////[/////////////////////////[//I77>/VXW/I77///X/////>///////+/////+//+89@9/I89@9////+/////+/////+//////+///////+//////+////I::@:///+J@]/////9]@://////+/////////////////////////////////////////////////////////////////////////////////////////////////S[///////////////////////////////S[//I78>/>V>/I78///X/////O///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////I86@]///+J@J/////9]@Y//////+//I7:>/_VX/I7:///X/////O///////+/////+//+6:@8/I8Z@I////+/////+/////+//////+///////+//////+////IYJ@Y/////+//////9J@6//////+/////////////////////////////////////////////////////////////////////////////////////////////////[[///////////////////////////////[[//I7Y>/V^C/I7Y///&/////>///////+/////+//+67@]/IY7@J////+/////+/////+//////+///////+//////+////I8Y@I///+I@8/////9]@I//////+//////////////////////////////////////////////////[////////////////////////////////////////////////////////////////////////////////[//I8Z>/CX%/I8Z///E/////>/////6J@Z////+/////+/////+/////+/////+/////+//////+///////+//////+////IY]@Z///+I@9/////97@7//////+/////////////////////////////////////////////////////////////////////////////////////////////////[[///////////////////////////////[[//I8I>/EK%/I8I///1/////` /`/////+/////+//+]7@:////+/////+/////+/////+//////+///////+//////+////I8J@8///+Z@7/////9I@8//////+/////////////////////[[[[///////////////////[/////////////////////////////////////////////////////[/////S[//////////////////////[[[[//I8J>/EK%/I8J/////////O///////+//I8:@]////+/////+/////+/////+/////+//////+///////+//////+////I78@7///+J@J/////99@I//////+/////////////////////////////////////////////////////////////////////////////////////////////////[[///////////////////////////////[[//I89>/VXW/I89///&/////O///////+//I:Y@9////+/////+/////+/////+/////+//////+///////+//////+////I:9@I///+Z@7/////99@]//////+////////////////////////////////////////////////////////////////////////////////////////////////////////S[////////////////////////S[//I8]>/>%U/I8]///X/////O///////+/////+//+6Y@J/JZ7@J////+/////+/////+//////+///////+//////+////I:7@7///+J@9/////96@Y//////+/////////////////////////////////////////////////S[///////////////////////////////////////////////[///////////////////////////////S[//I86>/\>V/I86///X/////O///////+//I:6@J////+/////+/////+/////+/////+//////+///////+//////+////I89@Z///+I@Y/////9]@9//////+//////////////////////////////////////////////////////////////////////////////////////////////////[////////////////////////////////[//I87>/>C?/I87///X/////O///////+//I8Y@Z////+/////+/////+/////+/////+//////+///////+//////+////I:6@6///+9@8/////99@Y//////+////////////////////////////////////////////////////////////////////////////////////////////////////////[[////////////////////////[[//I88>/UVD/I88///</////>///////+/////+//+6Y@:/JZZ@7////+/////+/////+//////+///////+//////+////I:6@7///+Z@Y/////97@6//////+//////////////////////////////////////////////////[/////////////////////////////////////////////////////S[////////////////////////S[//I8:>/CX%/I8:///K/////>/////67@6////+/////+/////+/////+//+9Y@J/+]J@J/////+///////+//////+////I:9@7/////+//////9I@8//////+/////////////////////////////////////////////////////////////[[///////////////////////////////////////////////////////////////////[[//I8Y>/_VX/I8Y///K/////>/////6:@9////+/////+//I7J@Y////+//+7I@6/+JY@://///+///////+//////+////I:6@9/////+//////9J@Z//////+//I:Z>/VXW/I:Z///K/////>///////+/////+//+8:@:/I8I@J////+/+IZJ@J/+JY@]/////+///////+//////+////I:Y@J///+J@://///9]@Z//////+////////////////////////////////////////////////////////////[[[//////////////////////////////////S[//////[///////////////////////[[[//I:I>/EK%/I:I///K/////=/////66@:////+/////+/////+/////+/+IJI@6/+II@Z/////+///////+//////+////IYZ@Z///+I@://///9]@Y//////+//////////////////////////////////////////////////////////[]@8[///S[[////////////////////////////S[////////////////////////////[]@8[//I:J>/UV^/I:J///</////+///////+/////+/////+/////+/////+/////+/////+//////+///////+//////+////I88@]///+I@Y///////+///////+//I:9>/UVW/I:9/////////O///////+/////+//+86@J/I8I@6////+/////+/////+//////+///////+//////+////I:6@6/////+//////9J@8//////+//I:]>/CX%/I:]///C/////=///////+//I::@J////+/////+/////+/////+/////+//////+///////+//////+////I:9@Y/////+//////99@J//////+/
   	
    !
"!#$	
    !  
%%&'()*+',-.,/'()*+'%0)(1)23%45/%67899:8%,%;<=)2%>%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%?=3'%%8%,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,%%@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%%&'()*+'%%%%%A=-(B<%&'3)52%,,,,,,,,,%%%%C=2*'/%%%54%D5@%%E.F'%C'G%%('B%%&=HB<@%%;<),I%*)<'*/=0%%%;<),J%?/50)2'%?<)%%K'0)L%%;<),9%%%;<),9%M)(+0F<%NH'3=%%K,-52*%;<)/=0)1.%%%O=*%%%%%%P=L%%%;<=)2%%%25@%(1/+B%%F051%%%3Q,R%1/=2(%3QSR%%1/=2(%%%F<)%%<'0)L%%F()%%/1,<=2*%04,<=2*%%-52*%*)<'*/=0%%'2@%%%;,=0F<=%%B521=B1(%%%*'T%,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,%%I:6>%U>V%I:6%%%C%%%%%-%%%%%79@7%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I7W@:%%%%%,%%%%%%9X@I%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%I:7>%CZ&%I:7%%%%%%%%%O%%%%%6J@7%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:7@6%%%%%,%%%%%%9X@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%I:8>%U>V%I:8%%%Z%%%%%O%%%%%78@:%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I88@[%%%,J@W%%%%%99@6%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%Y%%I::>%\VZ%I::%%%Z%%%%%O%%%%%%%,%%%%%,%%,6[@9%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I87@W%%%%%,%%%%%%99@:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%I:W>%V]C%I:W%%%'%%%%%O%%%%%%%,%%%%%,%,I[J@6%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I89@J%%%,J@[%%%%%9X@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%IW[>%K\C%IW[%%%%%%%%%-%%%%%%%,%%%%%,%%,6[@6%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:X@:%%%,J@:%%%%%9J@X%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%Y%%IWI>%EK&%IWI%%%%%%%%%>%%%%%8I@:%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:X@I%%%%%,%%%%%%9J@9%%%%%%,%%IWJ>%^V_%IWJ%%%C%%%%%O%%%%%:X@X%%%%,%%%%%,%%J[[@8%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I86@8%%%,[@7%%%%%96@X%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%SY%%IW9>%?&N%IW9%%%%%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%,7I@J%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8[@J%%%%%,%%%%%%X[@J%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%SY%%IWX>%U>V%IWX%%%%%%%%%O%%%%%%%,%%I89@[%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%IW9@I%%%,9@9%%%%%9J@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%YY%%IW6>%?&N%IW6%%%%%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%,7X@8%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:X@X%%%%%,%%%%%%98@X%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%Y%%IW7>%>C?%IW7%%%1%%%%%O%%%%%%%,%%I::@7%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:6@6%%%%%,%%%%%%99@:%%%%%%,%%IW8>%?&N%IW8%%%E%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%,7:@J%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I88@W%%%%%,%%%%%%9:@8%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%Y%%IW:>%>&^%IW:%%%E%%%%%>%%%%%%%,%%%%%,%%,X[@[%I98@W%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8W@6%%%%%,%%%%%%9X@6%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%YY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%IWW>%>V>%IWW%%%1%%%%%O%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I7:@6%%%,J@[%%%%%99@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%J[[>%U>V%J[[%%%3%%%%%O%%%%%%%,%%%%%,%%,7I@6%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%IW9@J%%%%%,%%%%%%99@I%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%J[I>%>CD%J[I%%%^%%%%%>%%%%%%%,%%%%%,%%,8J@I%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:I@8%%%%%,%%%%%%99@8%%%%%%,%%J[J>%^VD%J[J%%%^%%%%%>%%%%%%%,%%%%%,%%,6X@J%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I87@7%%%%%,%%%%%%97@8%%%%%%,%%J[9>%>C?%J[9%%%^%%%%%>%%%%%%%,%%%%%,%%,86@J%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:I@X%%%,J@6%%%%%96@8%%%%%%,%%J[X>%V]C%J[X%%%3%%%%%-%%%%%%%,%%%%%,%%,8I@9%I7:@7%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:8@7%%%,I@X%%%%%9X@X%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%J[6>%V]C%J[6%%%E%%%%%>%%%%%%%,%%%%%,%%,X:@W%I:6@:%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I88@W%%%,J@J%%%%%96@6%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%J[7>%>CD%J[7%%%'%%%%%>%%%%%66@:%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:X@I%%%%%,%%%%%%9J@:%%%%%%,%%J[8>%PZE%J[8%%%Z%%%%%O%%%%%%%,%%%%%,%%,76@X%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8[@W%%%,I@7%%%%%97@X%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%J[:>%VZ_%J[:%%%Z%%%%%O%%%%%%%,%%%%%,%%,7J@[%I6W@:%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I:X@[%%%,J@:%%%%%97@W%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%Y%%J[W>%?KZ%J[W%%%1%%%%%O%%%%%%%,%%%%%,%%,6:@X%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8X@I%%%%%,%%%%%%96@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%JI[>%CZ&%JI[%%%E%%%%%-%%%%%%%,%%IWJ@X%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8X@I%%%%%,%%%%%%9X@:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%JII>%^V]%JII%%%E%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I78@X%%%,9@J%%%%%%%,%%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%YY%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%YY%%JIJ>%EK&%JIJ%%%1%%%%%O%%%%%7:@:%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I::@W%%%,J@[%%%%%9X@8%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SY%%JI9>%>CD%JI9%%%Z%%%%%O%%%%%%%,%%%%%,%%,6J@W%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8X@7%%%,I@W%%%%%98@J%%%%%%,%%JIX>%\VZ%JIX%%%Z%%%%%O%%%%%%%,%%%%%,%%,X:@J%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8:@X%%%,J@9%%%%%9J@7%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y%%JI6>%>V>%JI6%%%Z%%%%%>%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8W@8%%%,J@[%%%%%9J@:%%%%%%,%%JI7>%>V>%JI7%%%Z%%%%%-%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%I8J@J%%%,I@W%%%%%9X@I%%%%%%,%
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'()*%+,-%'()%%%.%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(012(%%%%%/%%%%%%%%/%%%%%%%/%%%3.4567./89/:.4567.%;54<5=>%?@:%1A)BB0)%/%CDE5=%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FE>.%%0%////////////////////////////////////////%%22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222%%3.4567.%%%%%GE84HD%3.>5@=%/////////%%%%IE=6.:%%%@?%J@2%%K9L.%I.M%%4.H%%3ENHD2%%CD5/(%65D.6:E;%%%CD5/'%F:@;5=.%FD5%%O.;5P%%CD5/B%%%CD5/B%Q547;LD%RN.>E%%O/8@=6%CD5:E;5<9%%%SE6%%%%%%TEP%%%CDE5=%%%=@2%4<:7H%%L;@<%%%>U/V%<:E=4%>UWV%%<:E=4%%%LD5%%D.;5P%%L45%%:</DE=6%;?/DE=6%%8@=6%65D.6:E;%%.=2%%%C/E;LDE%%H@=<EH<4%%%6.X%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%'(0*%,-I%'(0%%%Y%%%%%S%%%%%%%/%%(012B%%%%/%%()(2Z%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0)2(%%%%%/%%%%%%BZ2)%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'([*%*,*%'([%%%Y%%%%%S%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()B2A%%%/'21%%%%%B'2[%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%''\*%,Y]%''\%%%Y%%%%%S%%%%%%%/%%'\\2\%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0(2[%%%/B2Z%%%%%B120%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W&%%%%%%%%%%%%%%%%%%%%%%%%W&%%''(*%+,-%''(%%%Y%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()Z2'%%%/'20%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%&%%'''*%^,Y%'''%%%Y%%%%%S%%%%%%%/%%(0)2'%%%%/%%(AA2B%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0)2'%%%/'20%%%%%BB2\%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%&%%''B*%_*,%''B%%%Y%%%%%S%%%%%%%/%%()[2(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0'21%%%/'2Z%%%%%B'21%%%%%%/%%''Z*%*,*%''Z%%%Y%%%%%*%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()[2Z%%%/'2)%%%%%B12\%%%%%%/%%''1*%KO3%''1%%%Y%%%%%S%%%%%A)2Z%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%())2Z%%%/(2)%%%%%BZ2A%%%%%%/%%''A*%KO3%''A%%%>%%%%%S%%%%%1\2(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%())20%%%%%/%%%%%%B021%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%&%%'')*%+,-%'')%%%+%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()A2)%%%%%/%%%%%%%%/%%%%%%%/%%''0*%_*,%''0%%%+%%%%%*%%%%%%%/%%%%%/%%/AA21%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0(2)%%%%%/%%%%%%BZ2Z%%%%%%/%%''[*%+,-%''[%%%+%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()021%%%/'2'%%%%%%%/%%%%%%%/%%'B\*%KO3%'B\%%%D%%%%%S%%%%%AB21%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0Z2B%%%/(2A%%%%%BA2[%%%%%%/%%'B(*%+,]%'B(%%%O%%%%%*%%%%%%%/%%%%%/%%/)(2)%%%%/%%%%%/%%/A)2A%/B120%%%%%/%%%%%%%/%%%%%%/%%%%(0B2A%%%%%/%%%%%%BZ20%%%%%%/%%'B'*%^,Y%'B'%%%O%%%%%*%%%%%%%/%%([\2Z%%%%/%%(AB2A%%%%/%%/0'2[%/')2'%%%%%/%%%%%%%/%%%%%%/%%%%()B20%%%%%/%%%%%%BB2)%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'BB*%+,-%'BB%%%O%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/A)2(%/Z'2Z%%%%%/%%%%%%%/%%%%%%/%%%%()B20%%%%%/%%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'BZ*%,-I%'BZ%%%O%%%%%*%%%%%%%/%%%%%/%%/)(21%()02A%%%%/%%/AZ2\%/B'2\%%%%%/%%%%%%%/%%%%%%/%%%%()A2)%%%/'2Z%%%%%BZ2)%%%%%%/%%'B1*%^,Y%'B1%%%O%%%%%*%%%%%%%/%%%%%/%%/)A2Z%(A'2(%%%%/%%/A[2\%/BA2)%%%%%/%%%%%%%/%%%%%%/%%%%()02)%%%/(2(%%%%%BB2'%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%&%%'BA*%*3+%'BA%%%O%%%%%*%%%%%%%/%%()B2(%%%%/%%%%%/%%%%%/%%/A[2'%/BA20%%%%%/%%%%%%%/%%%%%%/%%%%()B2[%%%/(2[%%%%%B'2A%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'B)*%*IF%'B)%%%O%%%%%*%%%%%%%/%%%%%/%%/)12(%%%%/%%%%%/%%/AA20%/Z\2A%%%%%/%%%%%%%/%%%%%%/%%%%()[2B%%%/'2B%%%%%B(2'%%%%%%/%%'B0*%+,J%'B0%%%O%%%%%*%%%%%%%/%%%%%/%%/A[2Z%(AB2B%%%%/%%/A\2)%/ZZ21%%%%%/%%%%%%%/%%%%%%/%%%%()B2[%%%/'2(%%%%%B(2[%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'B[*%TYK%'B[%%%O%%%%%*%%%%%%%/%%%%%/%%/AZ2)%(A\2\%%%%/%%/A(2(%/Z)2B%%%%%/%%%%%%%/%%%%%%/%%%%())2'%%%/'2\%%%%%BZ2Z%%%%%%/%%'Z\*%*,*%'Z\%%%O%%%%%*%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/1'2\%/Z)2(%%%%%/%%%%%%%/%%%%%%/%%%%(0)2'%%%/'2'%%%%%BZ2[%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'Z(*%*,*%'Z(%%%D%%%%%*%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0(2\%%%/'2B%%%%%B'20%%%%%%/%%'Z'*%KO3%'Z'%%%<%%%%%S%%%%%%%/%%%%%/%%/A(2'%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%())2'%%%/(2(%%%%%BB20%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%&%%'ZB*%+,]%'ZB%%%%%%%%%S%%%%%%%/%%%%%/%%/)(2Z%()(2'%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()[2[%%%/\2A%%%%%BB2(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W&%%%%%%%%%%%%%%%%%%%%%%%%W&%%'ZZ*%+,J%'ZZ%%%%%%%%%S%%%%%%%/%%%%%/%%/A(2'%()A2)%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(0B2Z%%%/\2A%%%%%B(21%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W&%%%%%%%%%%%%%%%%%%%%%%%%W&%%'Z1*%*IF%'Z1%%%%%%%%%S%%%%%%%/%%%%%/%%/)\2B%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%(A(21%%%%%/%%%%%%BZ2Z%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%'ZA*%,-I%'ZA%%%%%%%%%S%%%%%%%/%%%%%/%%/)'2Z%()Z2[%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()B20%%%%%/%%%%%%B12(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'Z)*%KO3%'Z)%%%D%%%%%8%%%%%0(2[%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%()[2A%%%%%/%%%%%%B12Z%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'Z0*%F3R%'Z0%%%O%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%/112\%/112\%/BA2Z%%%%%/%%%%%%%/%%%%%%/%%%%(0\2\%%%%%/%%%%%%B02(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%&%%'Z[*%,Y]%'Z[%%%O%%%%%*%%%%%%%/%%([\2A%%%%/%%%%%/%%%%%/%%/)Z2\%/B)2\%%%%%/%%%%%%%/%%%%%%/%%%%()Z2\%%%%%/%%%%%%BB20%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'1\*%+,J%'1\%%%O%%%%%*%%%%%%%/%%%%%/%%/)12'%()B21%%%%/%%/102\%/Z12Z%%%%%/%%%%%%%/%%%%%%/%%%%(0(2)%%%%%/%%%%%%BZ2\%%%%%%/%%'1(*%+,J%'1(%%%O%%%%%*%%%%%%%/%%%%%/%%/AB2B%(0'2)%%%%/%%/A'20%/Z'2B%%%%%/%%%%%%%/%%%%%%/%%%%()02[%%%/'2'%%%%%BB2B%%%%%%/%%'1'*%,-I%'1'%%%O%%%%%*%%%%%%%/%%%%%/%%/0'2A%(1(2B%%%%/%%/A12)%/Z(20%%%%%/%%%%%%%/%%%%%%/%%%%()A2)%%%/(2[%%%%%BB2\%%%%%%/%
   	
    !
"!#$	
    ! %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&()*+,-)./0.1)*+,-)&2+*3+45&671&89:;;<:&.&=>?+4&@&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&A?5)&&B&........................................&&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC&&()*+,-)&&&&&D?/*E>&()5+74&.........&&&&F?4,)1&&&76&G7C&&H0I)&F)J&&*)E&&(?KE>C&&=>+.L&,+>),1?2&&&=>+.M&A172+4)&A>+&&N)2+O&&=>+.;&&&=>+.;&P+*-2I>&QK)5?&&N./74,&=>+1?2+30&&&R?,&&&&&&S?O&&&=>?+4&&&47C&*31-E&&I273&&&5T.U&31?4*&5TVU&&31?4*&&&I>+&&>)2+O&&I*+&&13.>?4,&26.>?4,&&/74,&,+>),1?2&&)4C&&&=.?2I>?&&E743?E3*&&&,)W&...................................................................................................................................&&M8;@&XYZ&M8;&&&N&&&&&@&&&&&&&.&&&&&.&&.:[C8&L9BC9&&&&.&&.9\CL&.[\C\&&&&&.&&&&&&&.&&&&&&.&&&&L::C;&&&.MCB&&&&&;;CM&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&M8[@&@FA&M8[&&&N&&&&&@&&&&&&&.&&&&&.&&.:;C<&&&&.&&&&&.&&.9<C8&.[LCM&&&&&.&&&&&&&.&&&&&&.&&&&L:<C:&&&.MC\&&&&&;[CB&&&&&&.&&M88@&]XZ&M88&&&N&&&&&@&&&&&&&.&&L<MC8&&&&.&&L<9C:&&&&.&&.9;C8&.[9C:&&&&&.&&&&&&&.&&&&&&.&&&&L:LC:&&&.MC\&&&&&;[C;&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&M89@&ANY&M89&&&N&&&&&@&&&&&&&.&&L:LC\&&&&.&&&&&.&&&&&.&&.8\C9&.8LC8&&&&&.&&&&&&&.&&&&&&.&&&&L:9C:&&&.;CM&&&&&;MCB&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&V'&&&&&&&&&&&&&&&&&&&&&&&&V'&&M8:@&]X^&M8:&&&N&&&&&.&&&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&.8LC\&.8MCB&&&&&.&&&&&&&.&&&&&&.&&&&L<\C<&&&.MC;&&&&&&&.&&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&M8<@&]XZ&M8<&&&N&&&&&@&&&&&&&.&&&&&.&&.[9C[&&&&.&&&&&.&&.8[C<&.8;CM&&&&&.&&&&&&&.&&&&&&.&&&&L<\C<&&&.MC;&&&&&;8C<&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&M8B@&]XG&M8B&&&N&&&&&@&&&&&&&.&&&&&.&&.:<C:&&&&.&&&&&.&&.9;C8&.[8C;&&&&&.&&&&&&&.&&&&&&.&&&&L<LC;&&&.MC;&&&&&;[CM&&&&&&.&&M9\@&XYZ&M9\&&&N&&&&&@&&&&&&&.&&L<LC[&&&&.&&&&&.&&&&&.&&.8<C<&.[\C[&&&&&.&&&&&&&.&&&&&&.&&&&L<\C\&&&.;C;&&&&&;MC9&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&V'&&&&&&&&&&&&&&&&&&&&&&&&V'&&M9L@&FY(&M9L&&&N&&&&&@&&&&&&&.&&L8<C9&&&&.&&&&&.&&&&&.&&.99CM&.;9CM&&&&&.&&&&&&&.&&&&&&.&&&&L:8C9&&&.MC8&&&&&;8C<&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&M9M@&X^F&M9M&&&N&&&&&@&&&&&&&.&&L<LC8&&&&.&&&&&.&&&&&.&&.9<C9&.[LCM&&&&&.&&&&&&&.&&&&&&.&&&&L:BC9&&&.LC8&&&&&;;C9&&&&&&.&&M9;@&_@X&M9;&&&N&&&&&@&&&&&&&.&&L:LCB&&&&.&&&&&.&&&&&.&&.9MCM&.[8C\&&&&&.&&&&&&&.&&&&&&.&&&&L<LC<&&&.MC<&&&&&;MC[&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&M9[@&`XY&M9[&&&N&&&&&@&&&&&&&.&&&&&.&&.9:C[&L9BC[&&&&.&&.88C[&.[BC:&&&&&.&&&&&&&.&&&&&&.&&&&L<;C\&&&.MC9&&&&&;MC9&&&&&&.&&M98@&FY(&M98&&&N&&&&&@&&&&&9<CM&&&&.&&&&&.&&&&&.&&&&&.&&.9[CL&.;:CB&&&&&.&&&&&&&.&&&&&&.&&&&L:9C<&&&.LC9&&&&&;LC<&&&&&&.&&M99@&XYZ&M99&&&N&&&&&@&&&&&&&.&&&&&.&.L\;C9&&&&.&&&&&.&&.8<CB&.[LCB&&&&&.&&&&&&&.&&&&&&.&&&&L<\C9&&&.MCL&&&&&;;CL&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&M9:@&```XY&M:9&&&]&&&&&@&&&&&&&.&&M\\C9&&&&.&&L9:C\&&&&.&&&&&.&&&&&.&&&&&&.&&&&&&&.&&&&&&.&&&&L:<C9&&&.\CB&&&&&;LCB&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&V'&&&&&&&&&&&&&&&&&&&&&&&&V'&&M::@&]X^&M::&&&]&&&&&.&&&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&&.&&&&&&&.&&&&&&.&&&&L:8C:&&&&&.&&&&&&&&.&&&&&&&.&&M:<@&N``F&M<[&&&F&&&&&R&&&&&&&.&&&&&.&&.:<C[&&&&.&&&&&.&&&&&.&&&&&.&&&&&&.&&&&&&&.&&&&&&.&&&&L<9CM&&&&&.&&&&&&;;CL&&&&&&.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&M<8@&]X^&M<8&&&F&&&&&.&&&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&&.&&&&&&&.&&&&&&.&&&&L<;C\&&&&&.&&&&&&&&.&&&&&&&.&&M<9@&]X^&M<9&&&F&&&&&.&&&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&.&&&&&&.&&&&&&&.&&&&&&.&&&&L:\CB&&&&&.&&&&&&&&.&&&&&&&.&
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%()*+,-)./0.1)*+,-)%2+*3+45%671%89:;;<:%.%=>?+4%@%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%A?5)%BC%........................................%%DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD%%()*+,-)%%%%%E?/*F>%()5+74%.........%%%%G?4,)1%%%76%H7D%%I0J)%G)K%%*)F%%(?LF>D%%=>+.B%,+>),1?2%%%=>+.M%A172+4)%A>+%%N)2+O%%=>+.;%%%=>+.;%P+*-2J>%QL)5?%%N./74,%=>+1?2+30%%%R?,%%%%%%S?O%%%=>?+4%%%47D%*31-F%%J273%%%5T.U%31?4*%5T&U%%31?4*%%%J>+%%>)2+O%%J*+%%13.>?4,%26.>?4,%%/74,%,+>),1?2%%)4D%%%=.?2J>?%%F743?F3*%%%,)V%...................................................................................................................................%%M<:@%GW(%M<:%%%>%%%%%R%%%%%%%.%%BXXD<%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%B:8D<%%%%%.%%%%%%;MD9%%%%%%B%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%'%%M<<@%I(A%M<<%%%N%%%%%@%%%%%%%.%%%%%.%%.:;DX%%%%.%%%%%.%%.:YD<%.YMD<%%%%%.%%%%%%%.%%%%%%.%%%%B<BDY%%%%%.%%%%%%;9D<%%%%%%.%%M<X@%ANW%M<X%%%N%%%%%@%%%%%M<DM%%%%.%%%%%.%%%%%.%%%%%.%%.8<D8%.Y;D:%%%%%.%%%%%%%.%%%%%%.%%%%B<BDY%%%%%.%%%%%%MXDX%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%''%%MXC@%@(Z%MXC%%%N%%%%%@%%%%%%%.%%%%%.%%.9:D:%MBCD8%%%%.%%.<CD:%.B8DC%%%%%.%%%%%%%.%%%%%%.%%%%B:;D;%%%%%.%%%%%%;CD:%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%%%%%%%%%'%%%%''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%''%%MXB@%Z[\%MXB%%%N%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.<;D;%.YCD:%%%%%.%%%%%%%.%%%%%%.%%%%B<BDB%%%.CD9%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%%%%%%%%%%%%%%%%%%%%%%&'%%MXM@%@[@%MXM%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.:CDM%.;;D:%%%%%.%%%%%%%.%%%%%%.%%%%B:YDB%%%.;DC%%%%%;;D:%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%'%%MX;@%][W%MX;%%%N%%%%%@%%%%%%%.%%%%%.%%.:<DY%B8:DB%%%%.%%.9YDB%.;CD:%%%%%.%%%%%%%.%%%%%%.%%%%B<CDC%%%.BD8%%%%%;;DC%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%MXY@%I\(%MXY%%%N%%%%%@%%%%%%%.%%B<BDY%%%%.%%%%%.%%%%%.%%.:CDB%.;:DB%%%%%.%%%%%%%.%%%%%%.%%%%B:XDB%%%%%.%%%%%%;;D8%%%%%%.%%MX8@%I\(%MX8%%%N%%%%%@%%%%%%%.%%%%%.%%.9;D9%%%%.%%%%%.%%.:9DM%.;;DM%%%%%.%%%%%%%.%%%%%%.%%%%B::D9%%%.BDB%%%%%;;D9%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%'%%MX9@%ANW%MX9%%%N%%%%%@%%%%%%%.%%%%%.%%.:YD9%%%%.%%%%%.%%.::D:%.;;DM%%%%%.%%%%%%%.%%%%%%.%%%%B:YD9%%%.BD:%%%%%;BD8%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%MX:@%[\G%MX:%%%N%%%%%@%%%%%%%.%%%%%.%.BC9DX%BXBDB%%%%.%%.8XDY%.Y9DY%%%%%.%%%%%%%.%%%%%%.%%%%B<BDX%%%.MDM%%%%%;;D9%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%MX<@%][W%MX<%%%N%%%%%@%%%%%:;DX%%%%.%%%%%.%%BMYD8%%%%.%%.:MDX%.MXDM%%%%%.%%%%%%%.%%%%%%.%%%%B:XDX%%%.BD8%%%%%;CD:%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%MXX@%@[@%MXX%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.9MD8%.YMDX%%%%%.%%%%%%%.%%%%%%.%%%%B:XDY%%%.BD;%%%%%;YDM%%%%%%.%%;CC@%^@[%;CC%%%N%%%%%@%%%%%%%.%%B98DX%%%%.%%%%%.%%%%%.%%.9;DB%.8MD9%%%%%.%%%%%%%.%%%%%%.%%%%B:9D9%%%.BDX%%%%%;;DY%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%;CB@%@[@%;CB%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.89DY%.;MDM%%%%%.%%%%%%%.%%%%%%.%%%%B<BD:%%%.MDM%%%%%;;DX%%%%%%.%%;CM@%[W_%;CM%%%N%%%%%@%%%%%%%.%%MCCDB%%%%.%%%%%.%%%%%.%%.9<DB%.Y:D;%%%%%.%%%%%%%.%%%%%%.%%%%B:<DM%%%.MDY%%%%%;8DB%%%%%%.%%;C;@%@[@%;C;%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.8XDC%.YYD<%%%%%.%%%%%%%.%%%%%%.%%%%B<;DY%%%.MDM%%%%%;YDY%%%%%%.%%;CY@%^@[%;CY%%%N%%%%%@%%%%%%%.%%B98D<%%%%.%%%%%.%%%%%.%%.:BDC%.;MD<%%%%%.%%%%%%%.%%%%%%.%%%%B<CDX%%%.MD8%%%%%;CD<%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%;C8@%@[@%;C8%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.:9DC%.MMD:%%%%%.%%%%%%%.%%%%%%.%%%%B<8D9%%%.MDM%%%%%;;D:%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%;C9@%@[@%;C9%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.<8D<%.;XDB%%%%%.%%%%%%%.%%%%%%.%%%%B<9D9%%%.BD8%%%%%;MD8%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'%%;C:@%][W%;C:%%%>%%%%%R%%%%%%%.%%%%%.%%.9BDC%B9MD<%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%B:MD8%%%.BD:%%%%%;9DC%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%;C<@%A(Q%;C<%%%3%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.:BD;%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%B<;DB%%%%%.%%%%%%;9D8%%%%%%.%%;CX@%Z[_%;CX%%%I%%%%%/%%%%%%%.%%BXCDC%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%BX9DY%%%.MD8%%%%%;MD8%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&''%%;BC@%Z[\%;BC%%%>%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%B<8DC%%%.BDM%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%'%%;BB@%[W_%;BB%%%N%%%%%@%%%%%%%.%%B:XD<%%%%.%%%%%.%%%%%.%%.9YD:%.8MD9%%%%%.%%%%%%%.%%%%%%.%%%%B::DY%%%.MD<%%%%%;BDY%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%'%%;BM@%A(Q%;BM%%%N%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.8BDB%.8BDB%.;:D8%%%%%.%%%%%%%.%%%%%%.%%%%B<BD<%%%%%.%%%%%%;<D<%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%'%%;B;@%@[@%;B;%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.:BD:%.;9D9%%%%%.%%%%%%%.%%%%%%.%%%%B<CD:%%%%%.%%%%%%;;D9%%%%%%.%%;BY@%^@[%;BY%%%N%%%%%@%%%%%%%.%%B9:D8%%%%.%%%%%.%%%%%.%%.99DX%.Y9DY%%%%%.%%%%%%%.%%%%%%.%%%%B:XDX%%%.BD:%%%%%;MDC%%%%%%.%%;B8@%][W%;B8%%%N%%%%%@%%%%%%%.%%%%%.%%.:MD:%B:BDY%%%%.%%.8:DB%.Y9DM%%%%%.%%%%%%%.%%%%%%.%%%%B:XD<%%%.MD<%%%%%;;DY%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%'%%;B9@%IN(%;B9%%%N%%%%%@%%%%%%%.%%%%%.%%.88DY%%%%.%%%%%.%%.9MD8%.Y9DC%%%%%.%%%%%%%.%%%%%%.%%%%B:XDX%%%.MD8%%%%%;;DC%%%%%%.%%;B:@%IN(%;B:%%%N%%%%%@%%%%%%%.%%%%%.%%.:;D;%%%%.%%%%%.%%.9CD8%.Y:D8%%%%%.%%%%%%%.%%%%%%.%%%%B::DC%%%.MD9%%%%%;MDX%%%%%%.%%;B<@%=\G%;B<%%%N%%%%%@%%%%%%%.%%B:XD;%%%%.%%%%%.%%%%%.%%.8XDC%.;YDB%%%%%.%%%%%%%.%%%%%%.%%%%B<8DM%%%.MD<%%%%%;8D;%%%%%%.%%;BX@%[W_%;BX%%%N%%%%%@%%%%%%%.%%%%%.%%.:XD9%B:MDX%%%%.%%.:XD:%.YMDM%%%%%.%%%%%%%.%%%%%%.%%%%B:8D8%%%.BD:%%%%%;;D9%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'%%;MC@%@[@%;MC%%%N%%%%%@%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.8<D:%.YCD8%%%%%.%%%%%%%.%%%%%%.%%%%B<BD;%%%.MD:%%%%%;;D8%%%%%%.%
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%-%%%%%)%%%%%%%.%%%%%.%%./(01%(220'%%%%.%%.230&%.4403%%%%%.%%%%%%%.%%%%%%.%%%%(/&01%%%.'0(%%%%%&&0/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%6789:;7.<=.>789:;7%?98@9AB%CD>%E2/&&F/%.%GHI9A%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%JIB7%((%........................................%%00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000%%6789:;7%%%%%KI<8LH%67B9DA%.........%%%%MIA:7>%%%DC%ND0%%O=P7%M7Q%%87L%%6IRLH0%%GH9.(%:9H7:>I?%%%GH9.'%J>D?9A7%JH9%%-7?9S%%GH9.&%%%GH9.&%T98;?PH%UR7BI%%-.<DA:%GH9>I?9@=%%%VI:%%%%%%WIS%%%GHI9A%%%AD0%8@>;L%%P?D@%%%BX.Y%@>IA8%BXZY%%@>IA8%%%PH9%%H7?9S%%P89%%>@.HIA:%?C.HIA:%%<DA:%:9H7:>I?%%7A0%%%G.I?PHI%%LDA@IL@8%%%:7[%...................................................................................................................................%%&'')%\*]%&''%%%-%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.EE03%.E10'%%%%%.%%%%%%%.%%%%%%.%%%%(/&0E%%%.(03%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'&)%O-6%&'&%%%-%%%%%)%%%%%%%.%%%%%.%%.EF0(%%%%.%%%%%.%%.4F0(%.E(03%%%%%.%%%%%%%.%%%%%%.%%%%(/E0F%%%.'03%%%%%&&0'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'4)%)6\%&'4%%%-%%%%%)%%%%%%%.%%%%%.%%./20&%(/30(%%%%.%%.E/0(%.&F03%%%%%.%%%%%%%.%%%%%%.%%%%(F10&%%%.'0&%%%%%&&04%%%%%%.%%&'E)%)6\%&'E%%%-%%%%%)%%%%%%%.%%(3101%%%%.%%(FE0/%%%%.%%./10&%.&E0E%%%%%.%%%%%%%.%%%%%%.%%%%(F(0/%%%.(0F%%%%%&&04%%%%%%.%%&'2)%W+O%&'2%%%-%%%%%)%%%%%%%.%%%%%.%%./10/%(2&0&%%%%.%%./(0(%.&302%%%%%.%%%%%%%.%%%%%%.%%%%(/201%%%.'0&%%%%%&&0'%%%%%%.%%&'/)%)*)%&'/%%%-%%%%%)%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.E20&%.&20/%%%%%.%%%%%%%.%%%%%%.%%%%(/20E%%%.'04%%%%%&&01%%%%%%.%%&'F)%*]M%&'F%%%-%%%%%)%%%%%%%.%%%%%.%%.220'%'(F0F%%%%.%%.2E0F%.'E0(%%%%%.%%%%%%%.%%%%%%.%%%%(/(0/%%%.(01%%%%%&40F%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%55%%&'3)%*]M%&'3%%%H%%%%%)%%%%%%%.%%%%%.%%.E201%(FF0/%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/10'%%%.(0(%%%%%&'0E%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&&1)%)MN%&&1%%%7%%%%%?%%%%%%%.%%%%%.%%.2'02%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(//0/%%%.(0/%%%%%&10F%%%%%%.%%&&()%)*)%&&(%%%+%%%%%V%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/F0(%%%.'0'%%%%%&404%%%%%%.%%&&')%^*+%&&'%%%+%%%%%V%%%%%%%.%%%%%.%%.2(02%(2203%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(F(0(%%%.'0F%%%%%&'0E%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&&)%_)*%&&&%%%+%%%%%V%%%%%%%.%%(//01%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(FE01%%%.103%%%%%&402%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&4)%)6\%&&4%%%7%%%%%)%%%%%%%.%%(3'0/%%%%.%%(FF0E%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/&0F%%%.'02%%%%%&/0E%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%5%%&&E)%M+6%&&E%%%@%%%%%V%%%%%%%.%%(/201%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(F&01%%%.(0&%%%%%&401%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&2)%*+,%&&2%%%O%%%%%)%%%%%%%.%%(3E0E%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/(0(%%%.103%%%%%&10/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&&/)%J6U%&&/%%%H%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.2E0F%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(FE0F%%%%%.%%%%%%&/01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&F)%M+6%&&F%%%-%%%%%)%%%%%/40F%%%%.%%%%%.%%%%%.%%%%%.%%.2'03%.'(0'%%%%%.%%%%%%%.%%%%%%.%%%%(/201%%%.(0E%%%%%'30'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%Z5%%&&3)%_)*%&&3%%%-%%%%%)%%%%%%%.%%(/&03%%%%.%%%%%.%%%%%.%%.4/01%.420&%%%%%.%%%%%%%.%%%%%%.%%%%(/F0'%%%.103%%%%%&'03%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&41)%\*,%&41%%%-%%%%%)%%%%%%%.%%(/&0/%%%%.%%'1&0'%%%%.%%.2&01%.430F%%%%%.%%%%%%%.%%%%%%.%%%%(F103%%%.(0&%%%%%&40'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&4()%O-6%&4(%%%-%%%%%)%%%%%%%.%%%%%.%%.4E0E%%%%.%%%%%.%%.E202%.4'02%%%%%.%%%%%%%.%%%%%%.%%%%(F10F%%%.10/%%%%%&E01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&4')%*+,%&4'%%%-%%%%%)%%%%%%%.%%%%%.%.((/02%(/'03%%%%.%%.2102%.4(02%%%%%.%%%%%%%.%%%%%%.%%%%(/&02%%%.&01%%%%%&E0&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%555%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%555%%&4&)%\*]%&4&%%%-%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.E30F%.'/02%%%%%.%%%%%%%.%%%%%%.%%%%(//02%%%.(03%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&44)%G]M%&44%%%H%%%%%)%%%%%%%.%%%%%.%%.E'0E%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(F20&%%%.(0'%%%%%&E0'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&4E)%O-6%&4E%%%@%%%%%<%%%%%%%.%%%%%.%%.E'0&%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(F10/%%%.(0/%%%%%&401%%%%%%.%%&42)%M+6%&42%%%7%%%%%)%%%%%2E0F%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/'02%%%.'02%%%%%&'01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&4/)%_)*%&4/%%%+%%%%%V%%%%%%%.%%(/203%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(2E02%%%.(03%%%%%&&0(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&4F)%^*+%&4F%%%+%%%%%V%%%%%%%.%%%%%.%%.E40F%(210'%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(/&0'%%%.'0E%%%%%&E01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&43)%G]M%&43%%%+%%%%%V%%%%%%%.%%%%%.%%.2'0'%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(FE02%%%.&02%%%%%&E0(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%55%%&E1)%M+6%&E1%%%+%%%%%V%%%%%%%.%%(F'02%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(240/%%%.&01%%%%%&20(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z55%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%Z55%%&E()%)MJ%&E(%%%+%%%%%V%%%%%%%.%%%%%.%%.2401%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(F(0E%%%%%.%%%%%%&402%%%%%%.%%&E')%*]M%&E'%%%7%%%%%I%%%%%%%.%%(F203%%%%.%%'1'04%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(3/0&%%%.(0/%%%%%&40(%%%%%%.%
   	
    !
"!#$	
    !  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&&%%()(*%+,-%()(%%%+%%%%%.%%%%%%%/%%%%%/%%/0(12%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3451(%%%%%/%%%%%%(216%%%%%%/%%()7*%89:%()7%%%+%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35210%%%%%/%%%%%%%%/%%%%%%%/%%%-;<=>?;/@A/B;<=>?;%C=<D=EF%GHB%)04((54%/%IJK=E%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%LKF;%32%////////////////////////////////////////%%11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111%%-;<=>?;%%%%%MK@<NJ%-;F=HE%/////////%%%%OKE>;B%%%HG%PH1%%+AQ;%O;R%%<;N%%-KSNJ1%%IJ=/3%>=J;>BKC%%%IJ=/2%LBHC=E;%LJ=%%,;C=T%%IJ=/(%%%IJ=/(%U=<?CQJ%VS;FK%%,/@HE>%IJ=BKC=DA%%%.K>%%%%%%WKT%%%IJK=E%%%EH1%<DB?N%%QCHD%%%FX/Y%DBKE<%FX'Y%%DBKE<%%%QJ=%%J;C=T%%Q<=%%BD/JKE>%CG/JKE>%%@HE>%>=J;>BKC%%;E1%%%I/KCQJK%%NHEDKND<%%%>;Z%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%())*%+,-%())%%%+%%%%%K%%%%%%%/%%%%%/%%/0317%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3431(%%%%%/%%%%%%((16%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%()0*%9[\%()0%%%+%%%%%*%%%%%%%/%%%%%/%%/431(%3471]%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34]17%%%/212%%%%%(71(%%%%%%/%%()4*%+,-%()4%%%.%%%%%.%%%%%0316%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34]13%%%/216%%%%%((1(%%%%%%/%%()5*%+,-%()5%%%%%%%%%*%%%%%0312%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3]617%%%/217%%%%%(017%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%()]*%*OP%()]%%%%%%%%%9%%%%%%%/%%3]01(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%30)1(%%%%%/%%%%%%(312%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&&%%(06*%89P%(06%%%%%%%%%.%%%%%%%/%%%%%/%%/)(12%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35210%%%%%/%%%%%%()13%%%%%%/%%(03*%W[+%(03%%%%%%%%%.%%%%%%%/%%2(714%%%%/%%3741]%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35615%%%/614%%%%%(215%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%&&&%%(02*%O[-%(02%%%[%%%%%.%%%%%%%/%%3]713%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34416%%%/310%%%%%(012%%%%%%/%%(0(*%^*9%(0(%%%[%%%%%.%%%%%%%/%%34512%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34(17%%%%%/%%%%%%()10%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(07*%I:O%(07%%%[%%%%%*%%%%%%%/%%%%%/%%/0(1(%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34015%%%/213%%%%%(21)%%%%%%/%%(0)*%9:O%(0)%%%[%%%%%.%%%%%%%/%%%%%/%%/051]%3])13%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34617%%%/31)%%%%%()13%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(00*%W[+%(00%%%[%%%%%.%%%%%0)1)%%%%/%%%%%/%%35(1)%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3431]%%%/31)%%%%%(71)%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(04*%L,[%(04%%%[%%%%%.%%%%%401(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3471)%%%/212%%%%%((15%%%%%%/%%(05*%_9[%(05%%%[%%%%%.%%%%%)215%%%%/%%%%%/%%34(1]%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34014%%%/31)%%%%%()15%%%%%%/%%(0]*%_9[%(0]%%%[%%%%%.%%%%%%%/%%%%%/%%/)(15%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35310%%%/610%%%%%()12%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%'&%%(46*%*OL%(46%%%[%%%%%*%%%%%%%/%%26(1]%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34416%%%/21(%%%%%(014%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(43*%9:O%(43%%%[%%%%%@%%%%%]01(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35315%%%/31]%%%%%(313%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%(42*%^*9%(42%%%[%%%%%.%%%%%%%/%%34)1(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35610%%%%%/%%%%%%(013%%%%%%/%%(4(*%*OL%(4(%%%[%%%%%@%%%%%%%/%%3])15%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35612%%%/(12%%%%%((17%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%'&%%(47*%89:%(47%%%+%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34410%%%%%/%%%%%%%%/%%%%%%%/%%(4)*%*OL%(4)%%%+%%%%%*%%%%%%%/%%%%%/%%/7014%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35)1]%%%%%/%%%%%%(21]%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(40*%_9[%(40%%%[%%%%%.%%%%%%%/%%%%%/%%/521)%34]1]%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35(1(%%%/21(%%%%%((1]%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(44*%I:O%(44%%%[%%%%%.%%%%%%%/%%34(1)%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34313%%%%%/%%%%%%(01(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(45*%9[\%(45%%%[%%%%%.%%%%%%%/%%3)]16%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%3451)%%%/21(%%%%%(21)%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(4]*%9[\%(4]%%%[%%%%%.%%%%%%%/%%%%%/%%/)316%35(10%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34210%%%%%/%%%%%%()14%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(56*%*OP%(56%%%[%%%%%@%%%%%%%/%%22)17%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35(15%%%/21)%%%%%()14%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%(53*%89\%(53%%%[%%%%%.%%%%%%%/%%%%%/%%/0)17%34417%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34]15%%%/614%%%%%(017%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%'&%%(52*%L,[%(52%%%[%%%%%.%%%%%%%/%%%%%/%%/)312%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34617%%%/214%%%%%(716%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(5(*%O[-%(5(%%%[%%%%%.%%%%%%%/%%%%%/%%/0017%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34417%%%/213%%%%%(416%%%%%%/%%(57*%_9[%(57%%%[%%%%%.%%%%%%%/%%%%%/%%/)(15%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35217%%%/317%%%%%((1]%%%%%%/%%(5)*%+,-%(5)%%%;%%%%%.%%%%%)214%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%34(15%%%/212%%%%%((14%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(50*%89:%(50%%%%%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%35012%%%%%/%%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%*%%%%%)%%%%%('-.%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'0-1%%%%%/%%%%%%&2-1%%%%%%/%%&'')%34,%&''%%%*%%%%%5%%%%%%%/%%.66-6%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(.-6%%%%%/%%%%%%&&-(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&'8)%39,%&'8%%%*%%%%%)%%%%%%%/%%%%%/%%/(6-0%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(6-6%%%%%/%%%%%%&&-6%%%%%%/%%%,:;<=>:/?@/A:;<=>:%B<;C<DE%FGA%16(&&'(%/%HIJ<D%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KJE:%.&%////////////////////////////////////////%%-----------------------------------------------------------------------------------------------------------------------------------%%,:;<=>:%%%%%LJ?;MI%,:E<GD%/////////%%%%*JD=:A%%%GF%NG-%%3@O:%*:P%%;:M%%,JQMI-%%HI</.%=<I:=AJB%%%HI</R%KAGB<D:%KI<%%4:B<S%%HI</&%%%HI</&%T<;>BOI%UQ:EJ%%4/?GD=%HI<AJB<C@%%%5J=%%%%%%VJS%%%HIJ<D%%%DG-%;CA>M%%OBGC%%%EW/X%CAJD;%EWYX%%CAJD;%%%OI<%%I:B<S%%O;<%%AC/IJD=%BF/IJD=%%?GD=%=<I:=AJB%%:D-%%%H/JBOIJ%%MGDCJMC;%%%=:Z%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%&80)%)[)%&80%%%*%%%%%5%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(2-2%%%%%/%%%%%%&2-1%%%%%%/%%&8.)%K,U%&8.%%%*%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%/(0-8%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(1-1%%%%%/%%%%%%&'-0%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%&8R)%\[]%&8R%%%%%%%%%5%%%%%%%/%%%%%/%%/'6-0%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.((-0%%%%%/%%%%%%&&-0%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&8&)%\[9%&8&%%%%%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'0-.%%%/.-0%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%&82)%\[]%&82%%%:%%%%%5%%%%%18-8%%%%/%%%%%/%%R0&-R%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'2-(%%%%%/%%%%%%&1-'%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&81)%^)[%&81%%%+%%%%%5%%%%%%%/%%.'R-'%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'0-6%%%%%/%%%%%%&2-&%%%%%%/%%&86)%[+]%&86%%%+%%%%%5%%%%%%%/%%%%%/%%/&2-0%.(2-.%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.6.-2%%%/R-R%%%%%&1-R%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%777%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%777%%&8()%[9*%&8(%%%+%%%%%5%%%%%%%/%%R0.-.%%%%/%%.6(-8%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'(-'%%%/R-R%%%%%&R-0%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&8')%)*N%&8'%%%3%%%%%B%%%%%%%/%%%%%/%%/&'-6%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(.-(%%%%%/%%%%%%&R-(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y7%%&88)%)*K%&88%%%3%%%%%B%%%%%%%/%%%%%/%%/(R-6%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'.-R%%%%%/%%%%%%&R-2%%%%%%/%%200)%[9*%200%%%+%%%%%5%%%%%%%/%%%%%/%%/((-(%.16-&%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.('-8%%%/.-1%%%%%&2-R%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%20.)%K,U%20.%%%+%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%/1R-8%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(2-6%%%%%/%%%%%%&'-.%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%20R)%^)[%20R%%%:%%%%%5%%%%%%%/%%.'R-6%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(6-(%%%/.-1%%%%%&R-6%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%7%%20&)%),\%20&%%%E%%%%%5%%%%%%%/%%R.2-2%%%%/%%R.1-1%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.((-R%%%%%/%%%%%%&6-6%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Y7%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%202)%K,U%202%%%\%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%/11-8%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'R-1%%%%%/%%%%%%&&-0%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%7%%201)%\[9%201%%%\%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.'2-'%%%%%/%%%%%%%%/%%%%%%%/%%206)%\[N%206%%%\%%%%%)%%%%%%%/%%.8&-2%%%%/%%.'.-&%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.(R-(%%%/.-.%%%%%&1-8%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%20()%39,%20(%%%I%%%%%5%%%%%%%/%%%%%/%%/60-0%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.('-6%%%/.-8%%%%%&2-0%%%%%%/%%20')%)*K%20'%%%4%%%%%)%%%%%%%/%%%%%/%%/11-&%%%%/%%%%%/%%/11-'%/2R-2%%%%%/%%%%%%%/%%%%%%/%%%%.(6-0%%%%%/%%%%%%&&-0%%%%%%/%%208)%\[9%208%%%4%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/1R-.%/21-R%%%%%/%%%%%%%/%%%%%%/%%%%.((-0%%%%%/%%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.0)%[+]%2.0%%%4%%%%%)%%%%%%%/%%%%%/%%/(6-.%.'8-8%%%%/%%/6&-6%/&(-'%%%%%/%%%%%%%/%%%%%%/%%%%.('-8%%%%%/%%%%%%&R-&%%%%%%/%%2..)%^)[%2..%%%4%%%%%)%%%%%%%/%%.66-6%%%%/%%%%%/%%%%%/%%/18-.%/2(-8%%%%%/%%%%%%%/%%%%%%/%%%%.(2-R%%%/.-(%%%%%&&-(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.R)%\[]%2.R%%%4%%%%%)%%%%%%%/%%R00-&%%%%/%%.('-R%%%%/%%/62-0%/&'-2%%%%%/%%%%%%%/%%%%%%/%%%%.'0-8%%%/R-2%%%%%&R-0%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%7%%2.&)%[+]%2.&%%%4%%%%%)%%%%%%%/%%.((-1%%%%/%%%%%/%%%%%/%%/1'-.%/2(-6%%%%%/%%%%%%%/%%%%%%/%%%%.(8-.%%%/R-R%%%%%&1-6%%%%%%/%%2.2)%)[)%2.2%%%4%%%%%)%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/6(-.%/2.-.%%%%%/%%%%%%%/%%%%%%/%%%%.(6-6%%%/R-(%%%%%&&-'%%%%%%/%%2.1)%34,%2.1%%%4%%%%%)%%%%%%%/%%%%%/%%/18-R%%%%/%%%%%/%%/1.-0%/11-(%%%%%/%%%%%%%/%%%%%%/%%%%.(8-1%%%/R-&%%%%%&&-&%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.6)%_[+%2.6%%%4%%%%%)%%%%%%%/%%%%%/%%/60-.%.1R-1%%%%/%%/1(-8%/28-2%%%%%/%%%%%%%/%%%%%%/%%%%.('-6%%%/R-8%%%%%&&-.%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.()%H9*%2.(%%%4%%%%%)%%%%%%%/%%%%%/%%/((-2%%%%/%%%%%/%%/1.-&%/20-2%%%%%/%%%%%%%/%%%%%%/%%%%.'1-.%%%/R-6%%%%%&R-0%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.')%)[)%2.'%%%4%%%%%)%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/((-6%/2(-8%%%%%/%%%%%%%/%%%%%%/%%%%.'&-1%%%/R-6%%%%%&&-R%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2.8)%[+]%2.8%%%4%%%%%)%%%%%%%/%%%%%/%%/1'-.%.6'-&%%%%/%%/(6-&%/2&-1%%%%%/%%%%%%%/%%%%%%/%%%%.'6-.%%%/R-6%%%%%&R-(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%2R0)%H9*%2R0%%%I%%%%%?%%%%%%%/%%.8R-&%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%.86-(%%%/R-2%%%%%&R-6%%%%%%/%
   	
    !
"!#$	
    ! %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&)*+,&,-.&)*+&&&&&&&&&/&&&&&&&0&&*123+&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4)35&&&0+36&&&&&2738&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)**,&,-9&)**&&&-&&&&&,&&&&&&&0&&&&&0&&07737&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4436&&&&&0&&&&&&2136&&&&&&0&&)*2,&-:;&)*2&&&&&&&&&<&&&&&&&0&&&&&0&&07634&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4732&&&&&0&&&&&&2235&&&&&&0&&&;=>?@A=0/B0C=>?@A=&D?>E?FG&HIC&7542284&0&JKL?F&,&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9LG=&+)&0000000000000000000000000000000000000000&&33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333&&;=>?@A=&&&&&ML/>NK&;=G?IF&000000000&&&&-LF@=C&&&IH&.I3&&OBP=&-=Q&&>=N&&;LRNK3&&JK?0+&@?K=@CLD&&&JK?0*&9CID?F=&9K?&&S=D?T&&JK?02&&&JK?02&U?>ADPK&VR=GL&&S0/IF@&JK?CLD?EB&&&<L@&&&&&&WLT&&&JKL?F&&&FI3&>ECAN&&PDIE&&&GX0Y&ECLF>&GX'Y&&ECLF>&&&PK?&&K=D?T&&P>?&&CE0KLF@&DH0KLF@&&/IF@&@?K=@CLD&&=F3&&&J0LDPKL&&NIFELNE>&&&@=Z&00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&&)*),&-:;&)*)&&&:&&&&&/&&&&&7834&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8*38&&&0+36&&&&&2*34&&&&&&0&&)*7,&[:\&)*7&&&:&&&&&<&&&&&&&0&&&&&0&0+++37&+5535&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+563*&&&&&0&&&&&&273*&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&)*5,&,-9&)*5&&&:&&&&&<&&&&&&&0&&+6734&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4138&&&0+37&&&&&2*32&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)*4,&9S:&)*4&&&:&&&&&<&&&&&&&0&&+4)3+&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+813+&&&&&0&&&&&&2*38&&&&&&0&&)*8,&,-.&)*8&&&=&&&&&<&&&&&&&0&&+6)3+&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8536&&&0+31&&&&&2237&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*6,&][\&)*6&&&O&&&&&,&&&&&&&0&&&&&0&&04)32&+823)&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4*3)&&&0138&&&&&2*38&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&'(&&)21,&,[,&)21&&&O&&&&&,&&&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8*36&&&&&0&&&&&&2)37&&&&&&0&&)2+,&[^-&)2+&&&O&&&&&L&&&&&&&0&&&&&0&&04*34&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8737&&&0+3)&&&&&223+&&&&&&0&&)2*,&][^&)2*&&&E&&&&&0&&&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4436&&&0232&&&&&&&0&&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&'(&&)22,&_,[&)22&&&=&&&&&<&&&&&&&0&&&&&0&&07535&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8+36&&&&&0&&&&&&2+38&&&&&&0&&)2),&O^;&)2)&&&:&&&&&<&&&&&&&0&&&&&0&&04+36&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8135&&&&&0&&&&&&2)38&&&&&&0&&)27,&][\&)27&&&:&&&&&<&&&&&&&0&&&&&0&&04+31&+6+38&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4634&&&0*35&&&&&2*38&&&&&&0&&)25,&[^-&)25&&&:&&&&&<&&&&&473)&&&&0&&&&&0&&+5*32&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4734&&&&&0&&&&&&2231&&&&&&0&&)24,&_,[&)24&&&:&&&&&/&&&&&&&0&&+8738&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4436&&&0+38&&&&&2)34&&&&&&0&&)28,&][^&)28&&&-&&&&&0&&&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+453)&&&&&0&&&&&&&&0&&&&&&&0&&)26,&][\&)26&&&K&&&&&<&&&&&&&0&&&&&0&0+1)35&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+823)&&&&&0&&&&&&2*38&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&))1,&,[,&))1&&&S&&&&&,&&&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&05138&0)637&&&&&0&&&&&&&0&&&&&&0&&&&+473+&&&&&0&&&&&&2237&&&&&&0&&))+,&OS;&))+&&&S&&&&&,&&&&&&&0&&+8*32&&&&0&&&&&0&&&&&0&&07*3)&0)*36&&&&&0&&&&&&&0&&&&&&0&&&&+813)&&&&&0&&&&&&223)&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&))*,&][\&))*&&&S&&&&&,&&&&&&&0&&&&&0&&05735&*1134&&&&0&&04+3+&0)136&&&&&0&&&&&&&0&&&&&&0&&&&+8*34&&&&&0&&&&&&2*36&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&))2,&OS;&))2&&&S&&&&&,&&&&&&&0&&&&&0&&07)3+&&&&0&&&&&0&&05531&02*32&&&&&0&&&&&&&0&&&&&&0&&&&+413+&&&0*3*&&&&&2238&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&))),&,[,&)))&&&S&&&&&,&&&&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&07)34&0273*&&&&&0&&&&&&&0&&&&&&0&&&&+4631&&&0+36&&&&&2)3)&&&&&&0&&))7,&[:\&))7&&&S&&&&&,&&&&&&&0&&&&&0&&0743+&+8*31&&&&0&&04*38&07136&&&&&0&&&&&&&0&&&&&&0&&&&+4534&&&0136&&&&&2)34&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&'(&&))5,&OS;&))5&&&S&&&&&,&&&&&&&0&&&&&0&&07+38&&&&0&&&&&0&&0)53*&0)835&&&&&0&&&&&&&0&&&&&&0&&&&+8131&&&0*3+&&&&&2)36&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&))4,&OS;&))4&&&S&&&&&,&&&&&&&0&&&&&0&&07836&&&&0&&&&&0&&05738&02832&&&&&0&&&&&&&0&&&&&&0&&&&+4)3)&&&023+&&&&&2*35&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&(&&))8,&[:\&))8&&&S&&&&&,&&&&&&&0&&+8*3+&&&&0&&&&&0&&&&&0&&07737&0)636&&&&&0&&&&&&&0&&&&&&0&&&&+863)&&&0*31&&&&&2*3+&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&))6,&_,[&))6&&&S&&&&&,&&&&&&&0&&&&&0&&07*3*&&&&0&&&&&0&&0543+&02*3+&&&&&0&&&&&&&0&&&&&&0&&&&+443+&&&0*37&&&&&*63)&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&(&&)71,&][\&)71&&&S&&&&&,&&&&&&&0&&&&&0&&05534&&&&0&&&&&0&&05*32&0)*37&&&&&0&&&&&&&0&&&&&&0&&&&+4535&&&0+3)&&&&&2237&&&&&&0&&)7+,&[^-&)7+&&&S&&&&&,&&&&&&&0&&&&&0&&04234&+8536&&&&0&&04132&02138&&&&&0&&&&&&&0&&&&&&0&&&&+8+3*&&&0+35&&&&&273+&&&&&&0&&)7*,&W:O&)7*&&&S&&&&&,&&&&&&&0&&&&&0&&04*37&+843)&&&&0&&04236&0)+37&&&&&0&&&&&&&0&&&&&&0&&&&+4632&&&0+36&&&&&2237&&&&&&0&&)72,&,-.&)72&&&K&&&&&D&&&&&&&0&&*1*35&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+6*35&&&0*37&&&&&2)37&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&)7),&_,[&)7)&&&O&&&&&,&&&&&&&0&&&&&0&&0763)&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4632&&&&&0&&&&&&2*34&&&&&&0&&)77,&9S:&)77&&&O&&&&&,&&&&&&&0&&&&&0&&07)36&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4)31&&&&&0&&&&&&2134&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)75,&,-.&)75&&&E&&&&&[&&&&&&&0&&&&&0&&05*3+&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+4835&&&0+34&&&&&2*31&&&&&&0&&)74,&OS;&)74&&&&&&&&&<&&&&&&&0&&&&&0&&&0837&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8537&&&&&0&&&&&&2)31&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(((&&)78,&,-9&)78&&&&&&&&&/&&&&&&&0&&+2734&&&&0&&&&&0&&&&&0&&&&&0&&&&&0&&&&&&0&&&&&&&0&&&&&&0&&&&+8)35&&&&&0&&&&&&223+&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'((&
   	
    !
"!#$	
    ! 
%&'()%*)+%&'(%%%,%%%%%)%%%%%%%-%%%%%-%%-'./(%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%012/2%%%-0/3%%%%%40/(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&63)%)78%&63%%%9%%%%%)%%%%%&4/1%%%%-%%%%%-%%02(/2%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%023/0%%%%%-%%%%%%4./'%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%7:;<=>:-?@-A:;<=>:%B<;,<CD%EFA%'614421%-%GHI<C%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%JID:%0'%----------------------------------------%%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%7:;<=>:%%%%%KI?;LH%7:D<FC%---------%%%%MIC=:A%%%FE%NF/%%9@O:%M:P%%;:L%%7IQLH/%%GH<-0%=<H:=AIB%%%GH<-.%JAFB<C:%JH<%%R:B<S%%GH<-4%%%GH<-4%T<;>BOH%UQ:DI%%R-?FC=%GH<AIB<,@%%%VI=%%%%%%WIS%%%GHI<C%%%CF/%;,A>L%%OBF,%%%DX-Y%,AIC;%DXZY%%,AIC;%%%OH<%%H:B<S%%O;<%%A,-HIC=%BE-HIC=%%?FC=%=<H:=AIB%%:C/%%%G-IBOHI%%LFC,IL,;%%%=:[%-----------------------------------------------------------------------------------------------------------------------------------%%&60)%M\7%&60%%%9%%%%%)%%%%%%%-%%0(3/.%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%020/(%%%%%-%%%%%%44/(%%%%%%-%%&6.)%+\]%&6.%%%,%%%%%V%%%%%%%-%%%%%-%%-6&/&%0'&/.%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%02'/&%%%-3/1%%%%%44/3%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&64)%M\7%&64%%%%%%%%%^?%%%%66/&%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%026/6%%%%%-%%%%%%44/1%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&6&)%+_M%&6&%%%M%%%%%I%%%%%%%-%%.34/(%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%061/&%%%%%-%%%%%%44/1%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&6')%*)+%&6'%%%,%%%%%)%%%%%%%-%%0(&/6%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%01./0%%%%%-%%%%%%4./1%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&66)%8+]%&66%%%9%%%%%)%%%%%%%-%%%%%-%%-11/0%.36/6%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%012/.%%%%%-%%%%%%44/(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&61)%)78%&61%%%9%%%%%)%%%%%%%-%%0('/6%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%026/'%%%%%-%%%%%%4&/0%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&62)%)+)%&62%%%9%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%02(/0%%%-3/6%%%%%4./(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&6()%)MN%&6(%%%H%%%%%I%%%%%%%-%%%%%-%%-6./&%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%021/'%%%%%-%%%%%%44/0%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&13)%)+)%&13%%%R%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-13/3%-66/3%%%%%-%%%%%%%-%%%%%%-%%%%024/1%%%-3/2%%%%%4./.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%55%%&10)%G_M%&10%%%R%%%%%)%%%%%%%-%%%%%-%%-'4/.%%%%-%%%%%-%%-6./(%-.0/(%%%%%-%%%%%%%-%%%%%%-%%%%01'/&%%%%%-%%%%%%4&/6%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&1.)%)MN%&1.%%%R%%%%%)%%%%%%%-%%%%%-%%-2'/.%%%%-%%%%%-%%-6(/2%-&1/.%%%%%-%%%%%%%-%%%%%%-%%%%023/(%%%%%-%%%%%%44/(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&14)%M\7%&14%%%R%%%%%)%%%%%%%-%%%%%-%%-'6/4%%%%-%%%%%-%%-60/'%-43/.%%%%%-%%%%%%%-%%%%%%-%%%%011/3%%%-0/2%%%%%4&/2%%%%%%-%%&1&)%*)+%&1&%%%R%%%%%)%%%%%%%-%%01'/(%%%%-%%%%%-%%%%%-%%-6&/&%-&2/3%%%%%-%%%%%%%-%%%%%%-%%%%020/4%%%-0/4%%%%%4&/4%%%%%%-%%&1')%`+\%&1'%%%R%%%%%)%%%%%%%-%%%%%-%%-60/'%0''/(%%%%-%%-61/0%-4'/.%%%%%-%%%%%%%-%%%%%%-%%%%01'/4%%%-0/0%%%%%4./3%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&16)%)78%&16%%%R%%%%%)%%%%%%%-%%%%%-%%-'(/(%014/(%%%%-%%-6./&%-46/3%%%%%-%%%%%%%-%%%%%%-%%%%012/4%%%-./3%%%%%44/'%%%%%%-%%&11)%8+N%&11%%%H%%%%%)%%%%%%%-%%%%%-%%-10/4%066/2%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%01(/4%%%-0/4%%%%%44/6%%%%%%-%%&12)%+\]%&12%%%:%%%%%)%%%%%%%-%%026/&%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%0(6/0%%%-0/0%%%%%4&/1%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z55%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%Z55%%&1()%W\9%&1(%%%\%%%%%V%%%%%%%-%%%%%-%%-6'/6%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%014/6%%%-3/2%%%%%4'/.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&23)%+_M%&23%%%\%%%%%V%%%%%%%-%%.33/2%%%%-%%06./0%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%010/6%%%-4/1%%%%%4'/2%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%55%%&20)%+_M%&20%%%\%%%%%V%%%%%%%-%%02./6%%%%-%%061/.%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%021/0%%%-3/2%%%%%44/(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&2.)%8+]%&2.%%%\%%%%%)%%%%%%%-%%%%%-%%-&'/6%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%016/1%%%-./2%%%%%4&/6%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&24)%JR\%&24%%%\%%%%%V%%%%%'&/'%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%016/4%%%-3/2%%%%%4&/1%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&2&)%9R7%&2&%%%\%%%%%V%%%%%%%-%%01(/1%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%01./1%%%%%-%%%%%%40/2%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&2')%+\]%&2'%%%\%%%%%V%%%%%%%-%%%%%-%%-4(/6%011/2%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%026/'%%%-./.%%%%%44/&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%&26)%8+]%&26%%%\%%%%%?%%%%%%'/(%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%012/3%%%-3/(%%%%%4./(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z555%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%Z555%%&21)%JR\%&21%%%\%%%%%V%%%%%%%-%%0(2/0%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%01&/'%%%%%-%%%%%%4&/(%%%%%%-%%&22)%M\7%&22%%%\%%%%%V%%%%%12/2%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%02(/2%%%-3/1%%%%%44/'%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z5%%%%%Z5%%%%%%%%%%%%%%%%%%%%%%%%Z5%
   	
    !
"!#$	
    ! 
%&'()%)*+%&'(%%%,%%%%%)%%%%%-'./%%%%0%%%%%0%%1'&.2%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%133.4%%%%%0%%%%%%/1.'%%%%%%0%%&(4)%)56%&(4%%%,%%%%%)%%%%%&3.'%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'1.-%%%%%0%%%%%%//.-%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(1)%)*+%&(1%%%,%%%%%)%%%%%-'.3%%%%0%%%%%0%%1(/.'%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13(.&%%%%%0%%%%%%/2.4%%%%%%0%%&(2)%895%&(2%%%:%%%%%8%%%%%%%0%%%%%0%%0&(.4%1'&.&%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13/.&%%%02./%%%%%//.2%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%*:;<=>:0?@0A:;<=>:%B<;C<DE%FGA%H-3//'3%0%IJK<D%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6KE:%1-%0000000000000000000000000000000000000000%%...................................................................................................................................%%*:;<=>:%%%%%LK?;MJ%*:E<GD%000000000%%%%5KD=:A%%%GF%NG.%%,@O:%5:P%%;:M%%*KQMJ.%%IJ<01%=<J:=AKB%%%IJ<02%6AGB<D:%6J<%%R:B<S%%IJ<0/%%%IJ<0/%T<;>BOJ%UQ:EK%%R0?GD=%IJ<AKB<C@%%%VK=%%%%%%WKS%%%IJK<D%%%DG.%;CA>M%%OBGC%%%EX0Y%CAKD;%EXZY%%CAKD;%%%OJ<%%J:B<S%%O;<%%AC0JKD=%BF0JKD=%%?GD=%=<J:=AKB%%:D.%%%I0KBOJK%%MGDCKMC;%%%=:[%00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000%%&(/)%5\*%&(/%%%\%%%%%V%%%%%-2.4%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1-(.&%%%04.H%%%%%//.2%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%77%%&(&)%W\,%&(&%%%\%%%%%V%%%%%-H.4%%%%0%%%%%0%%1'2.(%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'/.4%%%02.'%%%%%//./%%%%%%0%%&(H)%5\*%&(H%%%\%%%%%V%%%%%H-.H%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%132.2%%%01.-%%%%%/&.4%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(-)%])8%&(-%%%\%%%%%V%%%%%%%0%%%%%0%%0-/.&%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13-.(%%%01.&%%%%%/2.'%%%%%%0%%&(3)%,9*%&(3%%%\%%%%%V%%%%%%%0%%1(4.(%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'3.1%%%02.H%%%%%/&.-%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(')%I95%&('%%%\%%%%%V%%%%%%%0%%%%%0%%0--.'%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13-.2%%%0/.1%%%%%/H.1%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(()%5\*%&((%%%\%%%%%V%%%%%H1.1%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%133.(%%%02.2%%%%%/&.&%%%%%%0%%H44)%6*U%H44%%%\%%%%%0%%%%%%%0%%%%%0%%%%%0%%%%%0%%0&(.4%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13-.&%%%%%0%%%%%%/3.'%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%H41)%)8)%H41%%%:%%%%%)%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1-'.-%%%02.&%%%%%//.-%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%H42)%895%H42%%%5%%%%%V%%%%%%%0%%134.(%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'H./%%%%%0%%%%%%/1.'%%%%%%0%%H4/)%5\*%H4/%%%%%%%%%?%%%%%%%0%%242.3%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'&.(%%%04.'%%%%%/&.4%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%%%%%%%%%%%%%%%%%%%%%%%Z7%%H4&)%5\*%H4&%%%5%%%%%K%%%%%%%0%%%%%0%%0-(.'%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13-./%%%%%0%%%%%%/1.(%%%%%%0%%H4H)%)*+%H4H%%%5%%%%%K%%%%%%%0%%%%%0%%0((.-%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1'-.(%%%%%0%%%%%%//.4%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%H4-)%)8)%H4-%%%%%%%%%V%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13H.'%%%%%0%%%%%%//./%%%%%%0%%H43)%)8)%H43%%%%%%%%%)%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1(2.H%%%04.H%%%%%//.3%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%77%%H4')%])8%H4'%%%%%%%%%V%%%%%%%0%%1-4.1%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13/.4%%%%%0%%%%%%/2.1%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%H4()%+89%H4(%%%%%%%%%0%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%132.H%%%%%0%%%%%%%%0%%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%H14)%)5N%H14%%%%%%%%%V%%%%%%%0%%%%%0%%0-3.3%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13'.&%%%%%0%%%%%%/H.H%%%%%%0%%H11)%895%H11%%%\%%%%%V%%%%%%%0%%%%%0%%0H&.4%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1-4.4%%%02.&%%%%%/H.&%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%777%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%777%%H12)%W\,%H12%%%\%%%%%V%%%%%%%0%%%%%0%%0-3.'%1-(.&%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13-.H%%%01.H%%%%%//.H%%%%%%0%%H1/)%6R\%H1/%%%\%%%%%V%%%%%%%0%%%%%0%%0H3.1%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1(2.H%%%02.1%%%%%//.(%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%H1&)%])8%H1&%%%\%%%%%V%%%%%%%0%%1''.3%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%133./%%%0/.H%%%%%/-.3%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%%%%%%%%%%%%%%%%%%%%%%%Z7%%H1H)%895%H1H%%%\%%%%%V%%%%%'2.2%%%%0%%%%%0%%134.4%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13(.(%%%02.(%%%%%/&.3%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%H1-)%+89%H1-%%%\%%%%%0%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%13/.4%%%01.(%%%%%%%0%%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%H13)%)8)%H13%%%:%%%%%V%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%1''.4%%%02.H%%%%%/-.3%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%H1')%6*U%H1'%%%,%%%%%0%%%%%%%0%%%%%0%%%%%0%%%%%0%%03-.2%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%134.4%%%%%0%%%%%%/3.2%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z7%%H1()%+8^%H1(%%%J%%%%%_K%%%%%%0%%133.-%%%%0%%13'.(%%%%0%%%%%0%%%%%0%%%%%%0%%%%%%%0%%%%%%0%%%%133.-%%%02./%%%%%/2.H%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%H24)%+89%H24%%%R%%%%%0%%%%%%%0%%%%%0%%%%%0%%%%%0%%%%%0%%0-3.1%0/'.(%%%%%0%%%%%%%0%%%%%%0%%%%133.H%%%%%0%%%%%%%%0%%%%%%%0%%H21)%])8%H21%%%R%%%%%)%%%%%%%0%%13/.1%%%%0%%%%%0%%%%%0%%0-1.1%0&H.(%%%%%0%%%%%%%0%%%%%%0%%%%1'&.3%%%01.H%%%%%/2.1%%%%%%0%%H22)%`8\%H22%%%R%%%%%)%%%%%%%0%%%%%0%%0-&.1%1H'.-%%%%0%%0-(.'%0&1.'%%%%%0%%%%%%%0%%%%%%0%%%%13/./%%%%%0%%%%%%/2.4%%%%%%0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%
   	
    !
"!#$	
    !  
%&'()%)*+%&'(%%%,%%%%%)%%%%%%%-%%%%%-%%-./0/%%%%-%%%%%-%%-&(01%-'.0'%%%%%-%%%%%%%-%%%%%%-%%%%/2101%%%-'03%%%%%('02%%%%%%-%%&'3)%)45%&'3%%%6%%%%%)%%%%%%%-%%%%%-%%-7.02%/2&0/%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2'0&%%%-/0/%%%%%(/0.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&'&)%9:*%&'&%%%;%%%%%<%%%%%%%-%%%%%-%%-7301%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2/02%%%-'0/%%%%%(30/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&'7)%)*=%&'7%%%;%%%%%)%%%%%%%-%%%%%-%%-2>0(%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/.(0(%%%-'03%%%%%(30>%%%%%%-%%%4?@ABC?-DE-F?@ABC?%GA@HAIJ%KLF%&72((.2%-%96MAI%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+MJ?%/2%----------------------------------------%%00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000%%4?@ABC?%%%%%NMD@O6%4?JALI%---------%%%%*MIB?F%%%LK%=L0%%PEQ?%*?R%%@?O%%4MSO60%%96A-/%BA6?BFMG%%%96A-'%+FLGAI?%+6A%%,?GAT%%96A-(%%%96A-(%UA@CGQ6%VS?JM%%,-DLIB%96AFMGAHE%%%<MB%%%%%%WMT%%%96MAI%%%IL0%@HFCO%%QGLH%%%JX-Y%HFMI@%JXZY%%HFMI@%%%Q6A%%6?GAT%%Q@A%%FH-6MIB%GK-6MIB%%DLIB%BA6?BFMG%%?I0%%%9-MGQ6M%%OLIHMOH@%%%B?[%-----------------------------------------------------------------------------------------------------------------------------------%%&'2)%P:4%&'2%%%;%%%%%<%%%%%%%-%%%%%-%%-(.0&%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2.03%%%-'0(%%%%%((0'%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%&'.)%\)]%&'.%%%;%%%%%<%%%%%%%-%%/3(0.%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2(07%%%-'0'%%%%%(20/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%&'1)%)45%&'1%%%;%%%%%<%%%%%%%-%%/120'%%%%-%%/'20'%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/270(%%%-'02%%%%%(307%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%&(>)%\)]%&(>%%%;%%%%%D%%%%%%%-%%/230&%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/.70/%%%-'0/%%%%%(30(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(/)%5]:%&(/%%%P%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/710.%%%->0&%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%&(')%P,4%&('%%%P%%%%%)%%%%%7(0'%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/.(0(%%%->07%%%%%('0'%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%Z8%%&(()%P,4%&((%%%;%%%%%D%%%%%2.07%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/.(02%%%-'0'%%%%%(30.%%%%%%-%%&(3)%)45%&(3%%%;%%%%%<%%%%%%%-%%/1>01%%%%-%%/.'07%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/.30&%%%%%-%%%%%%(&02%%%%%%-%%&(&)%\)]%&(&%%%;%%%%%<%%%%%&20.%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/270/%%%-'0>%%%%%((0'%%%%%%-%%&(7)%+4V%&(7%%%;%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%-7>03%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2/03%%%%%-%%%%%%(70&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(2)%];^%&(2%%%?%%%%%<%%%%%%%-%%/1'0(%%%%-%%/&30/%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/..03%%%-'0/%%%%%('0/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(.)%P,4%&(.%%%6%%%%%<%%%%%%%-%%/210(%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/1>03%%%%%-%%%%%%((0(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%&(1)%5]:%&(1%%%,%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-&(0>%-&/0&%%%%%-%%%%%%%-%%%%%%-%%%%/.301%%%%%-%%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&3>)%+4V%&3>%%%,%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%-2'0'%-2'0'%-'&0'%%%%%-%%%%%%%-%%%%%%-%%%%/230(%%%%%-%%%%%%(202%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%8%%&3/)%\)]%&3/%%%,%%%%%)%%%%%%%-%%/.(0'%%%%-%%%%%-%%%%%-%%-710&%-3>0'%%%%%-%%%%%%%-%%%%%%-%%%%/2207%%%%%-%%%%%%(307%%%%%%-%%&3')%]:*%&3'%%%,%%%%%)%%%%%%%-%%/130(%%%%-%%/270/%%%%-%%-770&%-330'%%%%%-%%%%%%%-%%%%%%-%%%%/220&%%%-'0>%%%%%(303%%%%%%-%%&3()%5]^%&3(%%%,%%%%%)%%%%%%%-%%%%%-%%-7&02%%%%-%%%%%-%%-&&0&%-&(0(%%%%%-%%%%%%%-%%%%%%-%%%%/210&%%%-'02%%%%%('0.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&33)%]:*%&33%%%,%%%%%)%%%%%%%-%%'(/01%%%%-%%%%%-%%%%%-%%-&>02%-&/0&%%%%%-%%%%%%%-%%%%%%-%%%%/2202%%%-'0/%%%%%((0.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%%%%%%%%%%%%%%%%%%%%%%8%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%&3&)%_];%&3&%%%,%%%%%)%%%%%%%-%%%%%-%%-720'%/7>0'%%%%-%%-7>0(%-&/0/%%%%%-%%%%%%%-%%%%%%-%%%%/.303%%%-'0'%%%%%((0.%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&37)%W;P%&37%%%,%%%%%)%%%%%%%-%%%%%-%%-7&0>%%%%-%%%%%-%%-7.0/%-(30(%%%%%-%%%%%%%-%%%%%%-%%%%/2101%%%-'02%%%%%((0.%%%%%%-%%&32)%)])%&32%%%,%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-7/0(%-3301%%%%%-%%%%%%%-%%%%%%-%%%%/220&%%%-'0.%%%%%(30/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&3.)%\)]%&3.%%%,%%%%%)%%%%%%%-%%/2/0(%%%%-%%%%%-%%%%%-%%-7707%-3&0&%%%%%-%%%%%%%-%%%%%%-%%%%/2&01%%%-/0.%%%%%('07%%%%%%-%%&31)%_];%&31%%%,%%%%%)%%%%%%%-%%%%%-%%-2'0(%/3107%%%%-%%-&&0'%-3/0.%%%%%-%%%%%%%-%%%%%%-%%%%/210>%%%-'0'%%%%%((0/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%&&>)%]:*%&&>%%%,%%%%%)%%%%%%%-%%/.>07%%%%-%%/1/01%%%%-%%-&.0/%-320>%%%%%-%%%%%%%-%%%%%%-%%%%/.30.%%%-'0&%%%%%(30(%%%%%%-%%&&/)%5]^%&&/%%%,%%%%%)%%%%%%%-%%'>(07%%%%-%%'>.0/%%%%-%%-7.03%-(.0'%%%%%-%%%%%%%-%%%%%%-%%%%/.>03%%%-/0.%%%%%('01%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%&&')%P4+%&&'%%%,%%%%%)%%%%%%%-%%%%%-%%-2>07%%%%-%%%%%-%%-2'0(%-(/03%%%%%-%%%%%%%-%%%%%%-%%%%/.70/%%%-'07%%%%%(30&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&&()%5]:%&&(%%%,%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-1&0.%-/20/%%%%%-%%%%%%%-%%%%%%-%%%%/.101%%%-'0'%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z88%%&&3)%P,4%&&3%%%,%%%%%M%%%%%%%-%%%%%-%%-3/0>%%%%-%%%%%-%-/'30/%-/.0>%%%%%-%%%%%%%-%%%%%%-%%%%/220'%%%-'0>%%%%%(303%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z8%%%%%%%%%%%%%83018%%%%Z8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%83018%%&&&)%5]:%&&&%%%6%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/./07%%%-/03%%%%%%%-%%%%%%%-%%&&7)%)45%&&7%%%P%%%%%)%%%%%%%-%%/710/%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%/2&0&%%%%%-%%%%%%((0(%%%%%%-%
   	
    !
"!#$	
    ! 
%&&'(%()*%&&'%%%+%%%%%(%%%%%%%,%%%%%,%%,-./0%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'1/2%%%%%,%%%%%%.3/&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%&&1(%+67%&&1%%%8%%%%%9%%%%%'3/:%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%011/-%%%,3/3%%%%%.0/2%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&2(%;<=%&&2%%%%%%%%%>%%%%%%%,%%%%%,%%,&'/1%0:'/1%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0:./:%%%,3/:%%%%%.1/0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%455%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%455%%&:?(%(7@%&:?%%%<%%%%%>%%%%%%%,%%%%%,%%,:./&%0'1/:%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0''/?%%%,3/:%%%%%.-/2%%%%%%,%%%7ABCDEA,FG,HABCDEA%9CB8CIJ%KLH%&:'..1'%,%MNOCI%(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*OJA%01%,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,%%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%7ABCDEA%%%%%POFBQN%7AJCLI%,,,,,,,,,%%%%)OIDAH%%%LK%RL/%%+GSA%)AT%%BAQ%%7OUQN/%%MNC,0%DCNADHO9%%%MNC,3%*HL9CIA%*NC%%6A9CV%%MNC,.%%%MNC,.%WCBE9SN%XUAJO%%6,FLID%MNCHO9C8G%%%>OD%%%%%%YOV%%%MNOCI%%%IL/%B8HEQ%%S9L8%%%JZ,[%8HOIB%JZ4[%%8HOIB%%%SNC%%NA9CV%%SBC%%H8,NOID%9K,NOID%%FLID%DCNADHO9%%AI/%%%M,O9SNO%%QLI8OQ8B%%%DA\%,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,%%&:0(%M])%&:0%%%<%%%%%>%%%%%%%,%%%%%,%%,:&/&%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0:'/0%%%,?/&%%%%%../.%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%55%%&:3(%;<=%&:3%%%<%%%%%>%%%%%%%,%%%%%,%%,:./0%0'1/-%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0:2/3%%%,3/0%%%%%.'/:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%45%%&:.(%(;(%&:.%%%<%%%%%>%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0''/3%%%,3/:%%%%%../1%%%%%%,%%&:-(%;<=%&:-%%%<%%%%%>%%%%%%%,%%%%%,%%,&?/1%01./'%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%02?/.%%%,./'%%%%%../&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%55%%&:&(%(;(%&:&%%%<%%%%%>%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'&/-%%%,3/:%%%%%.-/&%%%%%%,%%&::(%+67%&::%%%<%%%%%>%%%%%2./1%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0:1/:%%%,3/&%%%%%.3/:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%&:'(%(7@%&:'%%%<%%%%%>%%%%%%%,%%02:/-%%%%,%%0'?/:%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%01-/'%%%,3/2%%%%%.3/:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&:1(%()*%&:1%%%)%%%%%(%%%%%%%,%%%%%,%%,:'/-%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'&/.%%%,?/1%%%%%.3/2%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%45%%&:2(%+67%&:2%%%)%%%%%F%%%%%%%,%%%%%,%%,-./&%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%013/-%%%%%,%%%%%%.3/&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%&'?(%*7X%&'?%%%%%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%,':/1%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%010/1%%%%%,%%%%%%.1/&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%5%%&'0(%*7X%&'0%%%%%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%,:0/'%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'?/'%%%%%,%%%%%%.1/:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%45%%&'3(%;])%&'3%%%J%%%%%>%%%%%%%,%%%%%,%%,'0/0%0'-/-%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%01?/'%%%%%,%%%%%%../0%%%%%%,%%&'.(%(7@%&'.%%%@%%%%%(%%%%%%%,%%0'./0%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0':/'%%%%%,%%%%%%.&/-%%%%%%,%%&'-(%@;=%&'-%%%@%%%%%(%%%%%%%,%%%%%,%%,00/&%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%01./.%%%%%,%%%%%%.-/.%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%4555%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%4555%%&'&(%@;=%&'&%%%@%%%%%(%%%%%%%,%%%%%,%%,&0/0%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%01./?%%%,0/?%%%%%.0/0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&':(%Y<+%&':%%%J%%%%%>%%%%%%%,%%%%%,%%,'./2%0'3/&%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0''/2%%%,0/.%%%%%.3/:%%%%%%,%%&''(%^(;%&''%%%8%%%%%>%%%%%%%,%%3?./.%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%01:/.%%%,?/&%%%%%../&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%55%%&'1(%;<=%&'1%%%+%%%%%(%%%%%%%,%%%%%,%%,&3/2%01?/0%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%02./2%%%,?/2%%%%%../2%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%55%%&'2(%()*%&'2%%%+%%%%%(%%%%%%%,%%%%%,%%,.3/0%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'2/&%%%%%,%%%%%%.:/3%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&1?(%()*%&1?%%%J%%%%%F%%%%%%%,%%%%%,%%,&./'%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%0'1/2%%%,?/2%%%%%../3%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%45%%&10(%)<7%&10%%%@%%%%%O%%%%%1-/3%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%010/&%%%,?/'%%%%%.-/?%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%45%%&13(%(;(%&13%%%@%%%%%(%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%013/3%%%%%,%%%%%%.&/-%%%%%%,%%&1.(%(7@%&1.%%%N%%%%%(%%%%%%%,%%%%%,%%,::/'%0:1/2%%%%,%%%%%,%%%%%,%%%%%%,%%%%%%%,%%%%%%,%%%%02?/&%%%,3/2%%%%%.-/-%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%45%%&1-(%*6<%&1-%%%6%%%%%(%%%%%%%,%%%%%,%%,:2/'%%%%,%%%%%,%%,:./2%,.1/3%%%%%,%%%%%%%,%%%%%%,%%%%0':/.%%%,0/0%%%%%.3/'%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%5%%&1&(%;<=%&1&%%%6%%%%%(%%%%%%%,%%0'2/0%%%%,%%0-&/&%%%%,%%,&&/2%,--/:%%%%%,%%%%%%%,%%%%%%,%%%%013/2%%%%%,%%%%%%../&%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%45%%&1:(%@;=%&1:%%%6%%%%%(%%%%%%%,%%0:-/0%%%%,%%02./0%%%%,%%,:./1%,.-/1%%%%%,%%%%%%%,%%%%%%,%%%%0''/3%%%%%,%%%%%%../:%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&1'(%+]7%&1'%%%6%%%%%(%%%%%%%,%%%%%,%%,&./.%%%%,%%%%%,%%,:1/'%,3'/3%%%%%,%%%%%%%,%%%%%%,%%%%0'2/:%%%,0/-%%%%%../0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    ! %
&''())*'+,-'())'''.'''''/'''''''0'''''0''0(123'45(26''''0'''''0'''''0''''''0'''''''0''''''0''''46524'''0427'''''7625''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''&''''''''''''''''&''()1*'89:'()1''';'''''<'''''''0'''''0''05=26''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''41=23'''0=2)'''''7>27''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&'''''?&''''''''''''''''''''''''?&''(1=*'*@A'(1='''@'''''B'''''''0'''''0''0>627''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)(2)'''0=21'''''3)2(''''''0''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''&'''''''?&'''''''''''''''?&''(14*',C-'(14'''C'''''<'''''''0'''''0''0((25'46)2)''''0'''''0'''''0''''''0'''''''0''''''0''''46=2)'''0325'''''752>''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&'''''''''''''''''''''''''''''''?&''':DEFGHD0IJ0KDEFGHD'BFE;FLM'NOK'(5677)6'0'P./FL'*'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''A/MD'41'0000000000000000000000000000000000000000''22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222'':DEFGHD'''''Q/IER.':DMFOL'000000000''''@/LGDK'''ON'SO2''8JTD'@DU''EDR'':/VR.2''P.F04'GF.DGK/B'''P.F03'AKOBFLD'A.F''9DBFW''P.F07'''P.F07'XFEHBT.'YVDM/''90IOLG'P.FK/BF;J'''</G''''''Z/W'''P./FL'''LO2'E;KHR''TBO;'''M[0\';K/LE'M[?\'';K/LE'''T.F''.DBFW''TEF''K;0./LG'BN0./LG''IOLG'GF.DGK/B''DL2'''P0/BT./''ROL;/R;E'''GD]'00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000''(13*'89:'(13'''C'''''<'''''''0'''''0''0(726''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''46(2='''0321'''''742)''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''&''(17*'A9C'(17'''C'''''<'''''''0''4652>''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4662='''072>'''''7>25''''''0''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&''''''''''''''''''''''''?&''(1>*'^*,'(1>'''C'''''/'''''''0''46>21''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)72>'''0325'''''7324''''''0''(1(*'+,_'(1('''C'''''0'''''''0'''''0'''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)325'''0426'''''''0'''''''0''(15*'^*,'(15'''C'''''<'''''''0''4532>''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''46=2='''0323'''''7(2>''''''0''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&'''''''''''''''''''''''''''''''?&''(16*'^*,'(16'''C'''''<'''''''0'''''0''05523''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''46621'''0327'''''7321''''''0''(1)*'+,_'(1)'''C'''''0'''''''0'''''0'''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)>24'''0723'''''''0'''''''0''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&''''''''''''''''''''''''?&''(11*'ZC8'(11'''C'''''<'''''((2)''''0'''''0''4)42=''''0'''''0'''''0''''''0'''''''0''''''0''''4)52)'''0323'''''772)''''''0''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''&''5==*',C-'5=='''C'''''<'''''''0''4)(21''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''46=24'''0321'''''7(2=''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&''''''&''''''''''''''''''''''''?&''5=4*'*@A'5=4'''''''''I'''''''0''46>23''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4132>'''''0''''''7>23''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&&'''''''''''''''''''''''''''''''&&''5=3*'A:Y'5=3'''''''''0'''''''0'''''0'''''0'''''0''06426''''0'''''0''''''0'''''''0''''''0''''45)21'''''0''''''7623''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&'''''''''''''''''''''''''''''''?&''5=7*'A:Y'5=7'''<'''''0'''''''0'''''0'''''0'''''0''0(=24''''0'''''0''''''0'''''''0''''''0''''45521'''''0''''''>=24''''''0''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''&&''''''''''''''?&'''''''''''''''&&''5=>*'*:+'5=>''';'''''<'''''''0'''''0''0)(2('4)727''''0'''''0'''''0''''''0'''''''0''''''0''''4)626'''032('''''7627''''''0''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''&''5=(*',_@'5=('''8'''''*'''''))2>''''0'''''0''4612(''''0'''''0'''''0''''''0'''''''0''''''0''''4)32>'''''0''''''3)21''''''0'''''''''''''''''''''''''''''''?&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''?&''5=5*'+,-'5=5'''.'''''*'''''''0'''''0''0>=27''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''41326'''''0''''''7>23''''''0'''''''''''''''''''''''''''''''''''''''''''?&''''''''''''''''''''''''''''''''''''''''''''''''''''&&'''''''''''''''''''''''''''''''&&''5=6*'^*,'5=6'''9'''''*'''''''0''4((26''''0'''''0'''''0''05)27'0>52='''''0'''''''0''''''0''''46)2('''042>'''''7=26''''''0'''''''''''''''''''''''''''''''''''''?&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&''5=)*'89:'5=)'''9'''''*'''''''0''46724''''0'''''0'''''0''0(423'0>526'''''0'''''''0''''''0''''4)>2='''0=25'''''7(25''''''0''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''?&''''''''''''''''''''''''?&''5=1*'+,_'5=1'''9'''''0'''''''0'''''0'''''0'''''0'''''0''05>2)'07)21'''''0'''''''0''''''0''''4)421'''''0''''''''0'''''''0''54=*'@C:'54='''9'''''*'''''''0'''''0''0>62)''''0'''''0''06>25'07527'''''0'''''''0''''''0''''46723'''0421'''''7>24''''''0''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''&''544*'`,C'544'''9'''''*'''''''0'''''0''0()2(''''0'''''0''0(524'0>526'''''0'''''''0''''''0''''46623'''032)'''''772)''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''&''543*'+,S'543'''9'''''*'''''''0'''''0'04=721''''0'''''0''0(126'0>52='''''0'''''''0''''''0''''4652)'''032='''''772(''''''0'''''''''''''''''''''''''''''''''''''''''''&&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&&''547*',C-'547'''9'''''*'''''''0'''''0''0142='4512)''''0''0(724'07524'''''0'''''''0''''''0''''4)=23'''0327'''''7726''''''0'''''''''''''''''''''''''''''''''''''''''''?&'''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''?&''54>*'P_@'54>'''9'''''*'''''''0'''''0''0542(''''0'''''0''05626'0>62='''''0'''''''0''''''0''''46>27'''032='''''742(''''''0''54(*'*:+'54('''9'''''*'''''''0'''''0''05>2='4512=''''0''0(527'07121'''''0'''''''0''''''0''''4)423'''0421'''''772)''''''0''545*'*@A'545'''9'''''*'''''''0'''''0''06724''''0'''''0''05526'07426'''''0'''''''0''''''0''''4)>21'''032('''''7(2=''''''0''546*'*,*'546'''.'''''*'''''''0'''''0'''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)427'''042('''''7(23''''''0''54)*'+,_'54)'''8'''''0'''''''0'''''0'''''0'''''0'''''0'''''0'''''0''''''0'''''''0''''''0''''4)326'''042='''''''0'''''''0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''&'
   	
    !
"!#$	
    !  
%&'()%*+,%&'(%%%-%%%%%.%%%%%%%/%%%%%/%%/0123%'4526%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4&25%%%/62(%%%%%172(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&65)%)9:%&65%%%,%%%%%.%%%%%%%/%%'352&%%%%/%%'&127%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4&2&%%%/627%%%%%1625%%%%%%/%%&6')%;)+%&6'%%%,%%%%%.%%%%%%%/%%'4321%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4125%%%%%/%%%%%%1127%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&66)%*+,%&66%%%,%%%%%.%%%%%%%/%%%%%/%%/0326%'&&2(%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4124%%%/623%%%%%112(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&61)%<,=%&61%%%,%%%%%.%%%%%%%/%%'3023%%%%/%%'&021%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4&2(%%%/623%%%%%1720%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&67)%*+,%&67%%%,%%%%%.%%%%%%%/%%%%%/%%/462'%'&(2(%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3(2(%%%/627%%%%%1123%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%>8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%>8%%%9?@ABC?/DE/F?@ABC?%GA@-AHI%JKF%0&41134%/%LMNAH%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ONI?%65%////////////////////////////////////////%%22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222%%9?@ABC?%%%%%PND@QM%9?IAKH%/////////%%%%RNHB?F%%%KJ%SK2%%=ET?%R?U%%@?Q%%9NVQM2%%LMA/'%BAM?BFNG%%%LMA/6%OFKGAH?%OMA%%W?GAX%%LMA/1%%%LMA/1%YA@CGTM%ZV?IN%%W/DKHB%LMAFNGA-E%%%.NB%%%%%%<NX%%%LMNAH%%%HK2%@-FCQ%%TGK-%%%I[/\%-FNH@%I[>\%%-FNH@%%%TMA%%M?GAX%%T@A%%F-/MNHB%GJ/MNHB%%DKHB%BAM?BFNG%%?H2%%%L/NGTMN%%QKH-NQ-@%%%B?]%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%&60)%=W9%&60%%%,%%%%%.%%%%%%%/%%'3320%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4723%%%/62'%%%%%1623%%%%%%/%%&6&)%:+^%&6&%%%R%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'&'24%%%%%/%%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%888%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%888%%&64)%)RO%&64%%%R%%%%%D%%%%%%%/%%%%%/%%/0126%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'&52'%%%%%/%%%%%%1123%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%888%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%888%%&63)%)RS%&63%%%M%%%%%.%%%%%412(%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3&26%%%%%/%%%%%%162(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&6()%+^R%&6(%%%W%%%%%)%%%%%%%/%%'(02(%%%%/%%'(627%%%%/%%/&&25%/7'23%%%%%/%%%%%%%/%%%%%%/%%%%'352&%%%%%/%%%%%%102'%%%%%%/%%&15)%:+^%&15%%%W%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/&527%/702'%%%%%/%%%%%%%/%%%%%%/%%%%'3'20%%%%%/%%%%%%%%/%%%%%%%/%%&1')%=W9%&1'%%%W%%%%%)%%%%%%%/%%%%%/%%/0024%%%%/%%%%%/%%/4121%/1&2(%%%%%/%%%%%%%/%%%%%%/%%%%'4124%%%%%/%%%%%%6(2(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%8%%&16)%)+)%&16%%%W%%%%%)%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/0'26%/732&%%%%%/%%%%%%%/%%%%%%/%%%%'3024%%%/623%%%%%112(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&11)%*+,%&11%%%W%%%%%)%%%%%%%/%%%%%/%%/4120%'0324%%%%/%%/4525%/7127%%%%%/%%%%%%%/%%%%%%/%%%%'4&21%%%/621%%%%%1721%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&17)%)+)%&17%%%W%%%%%)%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%/0123%/7023%%%%%/%%%%%%%/%%%%%%/%%%%'3523%%%/625%%%%%1123%%%%%%/%%&10)%*+,%&10%%%W%%%%%)%%%%%%%/%%%%%/%%/&(2'%'4&27%%%%/%%/&02(%/172(%%%%%/%%%%%%%/%%%%%%/%%%%'4&26%%%/62(%%%%%1'23%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&1&)%L^R%&1&%%%W%%%%%)%%%%%%%/%%%%%/%%/4324%%%%/%%%%%/%%/&12&%/7120%%%%%/%%%%%%%/%%%%%%/%%%%'4126%%%/'2(%%%%%112&%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&14)%)9:%&14%%%W%%%%%)%%%%%%%/%%%%%/%%/&727%'3724%%%%/%%/0420%/7427%%%%%/%%%%%%%/%%%%%%/%%%%'312(%%%/627%%%%%1127%%%%%%/%%&13)%)9:%&13%%%W%%%%%)%%%%%%%/%%'3(21%%%%/%%'&420%%%%/%%/0(2&%/7'23%%%%%/%%%%%%%/%%%%%%/%%%%'3'26%%%/620%%%%%1121%%%%%%/%%&1()%*+,%&1(%%%M%%%%%)%%%%%&321%%%%/%%%%%/%%'&&2&%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4727%%%/626%%%%%1625%%%%%%/%%&75)%:+^%&75%%%=%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4627%%%/'21%%%%%%%/%%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&7')%*+,%&7'%%%-%%%%%)%%%%%%%/%%%%%/%%/4526%'3526%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'&423%%%/626%%%%%1625%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%&76)%OW,%&76%%%R%%%%%.%%%%%%%/%%%%%/%%/&721%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'&320%%%/523%%%%%1024%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%>8%%%%%>8%%%%%%%%%%%%%%%%%%%%%%%%>8%%&71)%:+^%&71%%%-%%%%%/%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3727%%%%%/%%%%%%%%/%%%%%%%/%%&77)%:+_%&77%%%=%%%%%)%%%%%%%/%%65120%%%%/%%'0(24%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3&20%%%%%/%%%%%%1723%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&70)%)RS%&70%%%=%%%%%)%%%%%%%/%%%%%/%%/&127%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3'2&%%%%%/%%%%%%1024%%%%%%/%%&7&)%:+_%&7&%%%-%%%%%.%%%%%0(26%%%%/%%%%%/%%'0(2'%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4424%%%/520%%%%%152(%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%&74)%:+_%&74%%%%%%%%%.%%%%%%%/%%%%%/%%/((24%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3&2(%%%%%/%%%%%%1127%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%&73)%;)+%&73%%%-%%%%%N%%%%%%%/%%%%%/%%/0423%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'372&%%%%%/%%%%%%162(%%%%%%/%%&7()%)+)%&7(%%%=%%%%%)%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4426%%%%%/%%%%%%1121%%%%%%/%%&05)%)RO%&05%%%=%%%%%N%%%%%&(20%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4726%%%%%/%%%%%%1721%%%%%%/%%&0')%)9:%&0'%%%?%%%%%)%%%%%%%/%%%%%/%%/0'2&%'(72(%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'4721%%%/623%%%%%1721%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&06)%)+)%&06%%%,%%%%%.%%%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'3&26%%%/52(%%%%%1120%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&01)%=^9%&01%%%,%%%%%.%%%%%%%/%%%%%/%%/452'%%%%/%%%%%/%%%%%/%%%%%/%%%%%%/%%%%%%%/%%%%%%/%%%%'&&2&%%%/627%%%%%102'%%%%%%/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    !  
%%&&'()*&+,-&'()&&&.&&&&&/&&&&&(010&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&34516&&&&&2&&&&&&7(14&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'((*&9:;&'((&&&,&&&&&2&&&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&2(71)&2)<10&&&&&2&&&&&&&2&&&&&&2&&&&34415&&&2314&&&&&&&2&&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'('*&*-9&'('&&&,&&&&&*&&&&&&&2&&3'417&&&&2&&&&&2&&&&&2&&2(715&2'<10&&&&&2&&&&&&&2&&&&&&2&&&&30)1<&&&&&2&&&&&&7(1<&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&'(4*&9:=&'(4&&&,&&&&&*&&&&&&&2&&&&&2&&2''14&3'616&&&&2&&2('1<&2)510&&&&&2&&&&&&&2&&&&&&2&&&&34616&&&&&2&&&&&&7(1)&&&&&&2&&'(0*&>,.&'(0&&&,&&&&&*&&&&&&&2&&3651<&&&&2&&&&&2&&&&&2&&2')1'&27017&&&&&2&&&&&&&2&&&&&&2&&&&34010&&&2<1)&&&&&7'15&&&&&&2&&'(6*&*?>&'(6&&&,&&&&&*&&&&&&&2&&&&&2&&24314&&&&2&&&&&2&&2'416&27)17&&&&&2&&&&&&&2&&&&&&2&&&&30313&&&2316&&&&&7717&&&&&&2&&''5*&*?>&''5&&&@&&&&&*&&&&&&&2&&&&&2&&24)17&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&34(16&&&2314&&&&&7516&&&&&&2&&&-ABCDEA2FG2HABCDEA&ICBJCKL&MNH&('47704&2&O@PCK&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&>PLA&<3&2222222222222222222222222222222222222222&&11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111&&-ABCDEA&&&&&QPFBR@&-ALCNK&222222222&&&&?PKDAH&&&NM&SN1&&+GTA&?AU&&BAR&&-PVR@1&&O@C23&DC@ADHPI&&&O@C2<&>HNICKA&>@C&&,AICW&&O@C27&&&O@C27&XCBEIT@&YVALP&&,2FNKD&O@CHPICJG&&&/PD&&&&&&ZPW&&&O@PCK&&&KN1&BJHER&&TINJ&&&L[2\&JHPKB&L[8\&&JHPKB&&&T@C&&@AICW&&TBC&&HJ2@PKD&IM2@PKD&&FNKD&DC@ADHPI&&AK1&&&O2PIT@P&&RNKJPRJB&&&DA]&22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222&&''3*&:.=&''3&&&J&&&&&/&&&&&&&2&&&&&2&&2'61(&34313&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&3'(1)&&&2510&&&&&741'&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%%&&&&&8%&&&&&&&&%&&&&&&&&&&&&&&8%%&&''<*&>-Y&''<&&&@&&&&&2&&&&&&&2&&&&&2&&&&&2&&&&&2&&2'<15&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&30516&&&&&2&&&&&&741<&&&&&&2&&''7*&:.=&''7&&&,&&&&&*&&&&&&&2&&34<13&&&&2&&&&&2&&&&&2&&27'17&2(514&&&&&2&&&&&&&2&&&&&&2&&&&30)14&&&&&2&&&&&&7(17&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&'')*&*:*&'')&&&,&&&&&*&&&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&2''1<&2701<&&&&&2&&&&&&&2&&&&&&2&&&&3401<&&&&&2&&&&&&771(&&&&&&2&&''(*&9:=&''(&&&,&&&&&*&&&&&&&2&&&&&2&&20413&36713&&&&2&&2451(&27315&&&&&2&&&&&&&2&&&&&&2&&&&3441)&&&2313&&&&&7)1)&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'''*&9:S&'''&&&,&&&&&*&&&&&&&2&&&&&2&&2'614&3461'&&&&2&&2'(14&2)710&&&&&2&&&&&&&2&&&&&&2&&&&34'1)&&&231'&&&&&7(17&&&&&&2&&''4*&*-9&''4&&&,&&&&&*&&&&&&&2&&3041<&&&&2&&3431<&&&&2&&2(014&2)'1<&&&&&2&&&&&&&2&&&&&&2&&&&34614&&&2310&&&&&7)17&&&&&&2&&''0*&9:=&''0&&&,&&&&&*&&&&&&&2&&3641)&&&&2&&&&&2&&&&&2&&2')15&2)<15&&&&&2&&&&&&&2&&&&&&2&&&&34)10&&&231'&&&&&7)17&&&&&&2&&''6*&*:*&''6&&&,&&&&&*&&&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&2()1'&2)314&&&&&2&&&&&&&2&&&&&&2&&&&30(1<&&&2<14&&&&&7717&&&&&&2&&'45*&O;?&'45&&&,&&&&&*&&&&&&&2&&&&&2&&24)1<&&&&2&&&&&2&&2'61<&2<610&&&&&2&&&&&&&2&&&&&&2&&&&30310&&&2316&&&&&7)15&&&&&&2&&'43*&*-9&'43&&&,&&&&&*&&&&&&&2&&3'614&&&&2&&3''1(&&&&2&&2431(&27517&&&&&2&&&&&&&2&&&&&&2&&&&30517&&&2313&&&&&751'&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'4<*&*-9&'4<&&&,&&&&&*&&&&&(31<&&&&2&&&&&2&&30610&&&&2&235'1'&23613&&&&&2&&&&&&&2&&&&&&2&&&&30717&&&2313&&&&&731'&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&%%%&&'47*&*:*&'47&&&@&&&&&/&&&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&34(10&&&2<1'&&&&&7)15&&&&&&2&&'4)*&O;?&'4)&&&A&&&&&*&&&&&&&2&&&&&2&&2'416&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&30'13&&&2<10&&&&&7)1<&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'4(*&O;?&'4(&&&.&&&&&/&&&&&&&2&&30710&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&3451'&&&2317&&&&&7(17&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'4'*&>,.&'4'&&&.&&&&&/&&&&&&&2&&&&&2&&2471<&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&3401<&&&2715&&&&&7)1<&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'44*&*:*&'44&&&.&&&&&/&&&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&34316&&&2<1(&&&&&7(17&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'40*&*-9&'40&&&A&&&&&:&&&&&&&2&&&&&2&&2)'1(&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&30)15&&&2<17&&&&&731)&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'46*&^*:&'46&&&&&&&&&/&&&&&&&2&&&&&2&&20'13&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&34'17&&&251(&&&&&7)15&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&&&&&&&&&&&&&&&&&&&&%%&&'05*&9:=&'05&&&@&&&&&/&&&&&&&2&&&&&2&&2)'13&&&&2&&&&&2&&&&&2&&&&&2&&&&&&2&&&&&&&2&&&&&&2&&&&30)17&&&&&2&&&&&&7(1<&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'03*&>-Y&'03&&&,&&&&&2&&&&&&&2&&&&&2&&&&&2&&&&&2&&2(41(&2(41(&27<16&&&&&2&&&&&&&2&&&&&&2&&&&34513&&&&&2&&&&&&7'17&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'0<*&?.-&'0<&&&,&&&&&*&&&&&)'17&&&&2&&&&&2&&&&&2&&&&&2&&2(713&2)<1(&&&&&2&&&&&&&2&&&&&&2&&&&30317&&&&&2&&&&&&7)14&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'07*&,_?&'07&&&,&&&&&*&&&&&&&2&&&&&2&&24316&&&&2&&&&&2&&2'51(&2761<&&&&&2&&&&&&&2&&&&&&2&&&&3051<&&&231)&&&&&7717&&&&&&2&&'0)*&:;?&'0)&&&,&&&&&*&&&&&&&2&&&&&2&&24'1<&30)1(&&&&2&&2(01)&2)514&&&&&2&&&&&&&2&&&&&&2&&&&34'14&&&2510&&&&&7715&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&8%&&'0(*&?.-&'0(&&&,&&&&&*&&&&&&&2&&&&&2&&2')14&&&&2&&&&&2&&2'(1)&2)315&&&&&2&&&&&&&2&&&&&&2&&&&3401'&&&2315&&&&&7710&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'0'*&:;?&'0'&&&,&&&&&*&&&&&&&2&&&&&2&&2'017&36)1'&&&&2&&2''1'&2)716&&&&&2&&&&&&&2&&&&&&2&&&&30517&&&2310&&&&&7)1'&&&&&&2&&'04*&_:.&'04&&&,&&&&&*&&&&&&&2&&&&&2&&24<1'&3'315&&&&2&&2(415&2)414&&&&&2&&&&&&&2&&&&&&2&&&&34016&&&271)&&&&&7<1)&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&8%&&'00*&^*:&'00&&&,&&&&&*&&&&&&&2&&3')1)&&&&2&&&&&2&&&&&2&&2(61'&2)<1<&&&&&2&&&&&&&2&&&&&&2&&&&34015&&&2<1<&&&&&7<17&&&&&&2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&
   	
    !
"!#$	
    !   
%&'()%*+,%&'(%%%-%%%%%)%%%%%%%.%%%%%.%%./012%3&'1&%%%%.%%.&21&%.0410%%%%%.%%%%%%%.%%%%%%.%%%%3/014%%%.512%%%%%4612%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(2)%89:%&(2%%%-%%%%%)%%%%%%%.%%%%%.%%.&/1'%%%%.%%%%%.%%.061'%.6314%%%%%.%%%%%%%.%%%%%%.%%%%3/(1(%%%.51(%%%%%4515%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(3)%+;,%&(3%%%-%%%%%)%%%%%%%.%%%%%.%%./31(%3&/14%%%%.%%.&/10%.4012%%%%%.%%%%%%%.%%%%%%.%%%%3//1&%%%.51/%%%%%4616%%%%%%.%%&(5)%*+<%&(5%%%-%%%%%)%%%%%%%.%%%%%.%%./51&%3&012%%%%.%%./514%.5310%%%%%.%%%%%%%.%%%%%%.%%%%3/616%%%.515%%%%%441&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%&(4)%>;:%&(4%%%?%%%%%)%%%%%%%.%%3(&12%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/41&%%%.314%%%%%451/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(6)%89:%&(6%%%8%%%%%)%%%%%%%.%%%%%.%%.&512%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'410%%%.312%%%%%4&12%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%%:@ABCD@.EF.G@ABCD@%HBAIBJK%LMG%0&/44'/%.%N?OBJ%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%POK@%55%........................................%%11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111%%:@ABCD@%%%%%QOEAR?%:@KBMJ%.........%%%%>OJC@G%%%ML%<M1%%8FS@%>@T%%A@R%%:OUR?1%%N?B.3%CB?@CGOH%%%N?B.5%PGMHBJ@%P?B%%-@HBV%%N?B.4%%%N?B.4%WBADHS?%XU@KO%%-.EMJC%N?BGOHBIF%%%YOC%%%%%%ZOV%%%N?OBJ%%%JM1%AIGDR%%SHMI%%%K[.\%IGOJA%K[=\%%IGOJA%%%S?B%%?@HBV%%SAB%%GI.?OJC%HL.?OJC%%EMJC%CB?@CGOH%%@J1%%%N.OHS?O%%RMJIORIA%%%C@]%...................................................................................................................................%%&(0)%)>P%&(0%%%8%%%%%H%%%%%%%.%%%%%.%%.0214%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'213%%%.315%%%%%5'1'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%%%%%%%%%7%%&(&)%*+,%&(&%%%I%%%%%Y%%%%%%%.%%%%%.%%.&414%3''1(%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3//1&%%%.513%%%%%4515%%%%%%.%%&(/)%^+;%&(/%%%@%%%%%Y%%%%%%%.%%%%%.%%.0&12%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3(015%%%%%.%%%%%%461&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=77%%&(')%8-:%&('%%%;%%%%%Y%%%%%%%.%%%%%.%%.0&1/%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3&&13%%%.21/%%%%%461&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%77%%&(()%)+)%&((%%%;%%%%%Y%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/(15%%%.415%%%%%4615%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%=7%%/22)%Z;8%/22%%%;%%%%%Y%%%%%%%.%%3/516%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/&1&%%%.31(%%%%%461(%%%%%%.%%/23)%8-:%/23%%%;%%%%%Y%%%%%&510%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/015%%%.31&%%%%%451(%%%%%%.%%/25)%*+9%/25%%%;%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3//1'%%%.31/%%%%%%%.%%%%%%%.%%/24)%)>P%/24%%%%%%%%%O%%%%%6&10%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/'1&%%%%%.%%%%%%5'1(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%/26)%*+9%/26%%%K%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/016%%%%%.%%%%%%%%.%%%%%%%.%%/20)%_)+%/20%%%*%%%%%)%%%%%%%.%%3/414%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3&'1'%%%.513%%%%%4615%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%/2&)%)><%/2&%%%*%%%%%)%%%%%&21/%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3//1&%%%.312%%%%%441'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%/2/)%)>P%/2/%%%?%%%%%)%%%%%%%.%%%%%.%%.0016%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'016%%%.315%%%%%4214%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%%%%%%%%%7%%/2')%)+)%/2'%%%-%%%%%)%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.0410%.6/1&%%%%%.%%%%%%%.%%%%%%.%%%%3/'1(%%%.313%%%%%4310%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%/2()%P:X%/2(%%%-%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.0'16%.0'16%.6414%%%%%.%%%%%%%.%%%%%%.%%%%3'01(%%%%%.%%%%%%4'1&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%/32)%)+)%/32%%%-%%%%%)%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%./215%.4&1'%%%%%.%%%%%%%.%%%%%%.%%%%3//15%%%%%.%%%%%%441&%%%%%%.%%/33)%+;,%/33%%%-%%%%%)%%%%%%%.%%%%%.%%.&'15%3/21(%%%%.%%.&315%.4'1&%%%%%.%%%%%%%.%%%%%%.%%%%3/'12%%%.516%%%%%461/%%%%%%.%%/35)%+9>%/35%%%-%%%%%)%%%%%%%.%%3(412%%%%.%%3//13%%%%.%%./415%.4514%%%%%.%%%%%%%.%%%%%%.%%%%3/'10%%%.512%%%%%4412%%%%%%.%%/34)%+9>%/34%%%-%%%%%)%%%%%%%.%%%%%.%%./212%3&&13%%%%.%%./51'%.451'%%%%%.%%%%%%%.%%%%%%.%%%%3/&1(%%%.31(%%%%%441'%%%%%%.%%/36)%)+)%/36%%%?%%%%%Y%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3&(13%%%.31(%%%%%4012%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%/30)%*+,%/30%%%>%%%%%)%%%%%%%.%%%%%.%%./31(%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/510%%%.21/%%%%%4010%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%=7%%/3&)%^+;%/3&%%%;%%%%%Y%%%%%%%.%%%%%.%%.641/%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3&'1'%%%.515%%%%%4410%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%/3/)%*+9%/3/%%%;%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'612%%%%%.%%%%%%%%.%%%%%%%.%%/3')%^+;%/3'%%%;%%%%%Y%%%%%%%.%%%%%.%%.0(1'%3/01&%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'516%%%.51/%%%%%4416%%%%%%.%%/3()%)+)%/3(%%%;%%%%%Y%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/'10%%%.51&%%%%%4613%%%%%%.%%/52)%Z;8%/52%%%;%%%%%Y%%%%%%%.%%%%%.%%.&510%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/21'%%%.315%%%%%441/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%=7%%/53)%*+9%/53%%%@%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/21(%%%.51&%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=7%%/55)%>;:%/55%%%8%%%%%)%%%%%%%.%%3(51'%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3'413%%%%%.%%%%%%4612%%%%%%.%%/54)%*+9%/54%%%I%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3/012%%%.512%%%%%%%.%%%%%%%.%%/56)%8-:%/56%%%?%%%%%Y%%%%%&41'%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%3//13%%%.514%%%%%4/1&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%
   	
    !
"!#$	
    !  
`*<%&41%%%+%%%%%)%%%%%%%,%%%%%,%%,(./2%.&'/0%%%%,%%,-'/'%,(2/0%%%%%,%%%%%%%,%%%%%%,%%%%.04/3%%%,2/0%%%%%11/3%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;6%%%%%%%%%%%%%%%%%%%%%%%%;6%%&44)%5)*%&44%%%+%%%%%)%%%%%%%,%%.0./4%%%%,%%%%%,%%%%%,%%,-./0%,44/1%%%%%,%%%%%%%,%%%%%%,%%%%.&&/1%%%,./1%%%%%1./4%%%%%%,%%&4()%)*)%&4(%%%+%%%%%)%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%,-4/'%,11/(%%%%%,%%%%%%%,%%%%%%,%%%%.&(/(%%%,'/4%%%%%11/(%%%%%%,%%&4-)%)*)%&4-%%%+%%%%%)%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%,-0/0%,1(/2%%%%%,%%%%%%%,%%%%%%,%%%%.0'/3%%%,./3%%%%%11/.%%%%%%,%%&4&)%5)*%&4&%%%+%%%%%)%%%%%%%,%%.-&/2%%%%,%%%%%,%%%%%,%%,-&/1%,4'/&%%%%%,%%%%%%%,%%%%%%,%%%%.02/1%%%,'/2%%%%%1'/1%%%%%%,%%&40)%]*^%&40%%%+%%%%%)%%%%%%%,%%.0'/'%%%%,%%.0'/1%%%%,%%,-'/1%,4-/'%%%%%,%%%%%%%,%%%%%%,%%%%.&(/&%%%,./3%%%%%14/(%%%%%%,%%&43)%]*^%&43%%%+%%%%%)%%%%%%%,%%.33/3%%%%,%%%%%,%%%%%,%%,((/0%,10/2%%%%%,%%%%%%%,%%%%%%,%%%%.02/(%%%,./0%%%%%1(/2%%%%%%,%%&(2)%]*7%&(2%%%+%%%%%,%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%,-(/3%,4'/3%%%%%,%%%%%%%,%%%%%%,%%%%.0./.%%%,./&%%%%%%%,%%%%%%%,%%&(.)%):]%&(.%%%+%%%%%)%%%%%%%,%%%%%,%%,-3/-%.-(/(%%%%,%%,-1/.%,42/3%%%%%,%%%%%%%,%%%%%%,%%%%.04/0%%%,'/.%%%%%1'/&%%%%%%,%%&(')%)*)%&('%%%+%%%%%)%%%%%%%,%%%%%,%%%%%,%%%%%,%%%%%,%%,&(/4%,13/(%%%%%,%%%%%%%,%%%%%%,%%%%.&-/2%%%,'/'%%%%%1'/.%%%%%%,%%&(1)%`*<%&(1%%%+%%%%%)%%%%%%%,%%%%%,%%,&'/1%.-(/3%%%%,%%,-./2%,4&/2%%%%%,%%%%%%%,%%%%%%,%%%%.0(/'%%%,'/(%%%%%1'/4%%%%%%,%%&(4)%97:%&(4%%%+%%%%%)%%%%%%%,%%.32/&%%%%,%%%%%,%%%%%,%%,-1/(%,10/(%%%%%,%%%%%%%,%%%%%%,%%%%.&0/'%%%,'/1%%%%%11/2%%%%%%,%%&(()%)8R%&((%%%+%%%%%)%%%%%%%,%%%%%,%%,01/&%%%%,%%%%%,%%,-./&%,13/1%%%%%,%%%%%%%,%%%%%%,%%%%.&2/2%%%,./&%%%%%1'/0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;6%%&(-)%)8R%&(-%%%+%%%%%)%%%%%%%,%%%%%,%%,-3/(%%%%,%%%%%,%%,-4/3%,4'/&%%%%%,%%%%%%%,%%%%%%,%%%%.&0/'%%%,./-%%%%%11/&%%%%%%,%%&(&)%Y<9%&(&%%%+%%%%%)%%%%%%%,%%%%%,%%,-4/1%.&./0%%%%,%%,(&/3%,42/&%%%%%,%%%%%%%,%%%%%%,%%%%.&-/&%%%,'/4%%%%%11/2%%%%%%,%%&(0)%*78%&(0%%%+%%%%%)%%%%%%%,%%%%%,%%,01/3%'.-/3%%%%,%%,(1/0%,40/1%%%%%,%%%%%%%,%%%%%%,%%%%.0./'%%%,'/1%%%%%11/0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&(3)%]*R%&(3%%%+%%%%%)%%%%%%%,%%%%%,%%,&2/.%%%%,%%%%%,%%,-./.%,4-/3%%%%%,%%%%%%%,%%%%%%,%%%%.01/(%%%,./4%%%%%12/3%%%%%%,%%&-2)%O+<%&-2%%%+%%%%%)%%%%%&1/3%%%%,%%%%%,%%%%%,%%%%%,%%,&-/1%,'(/'%%%%%,%%%%%%%,%%%%%%,%%%%.&2/'%%%,'/'%%%%%'&/0%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%;6%%%%%%%%%%%%%%;6%%%%%%%%%%%%%%%;6%%&-.)%`*<%&-.%%%+%%%%%)%%%%%%%,%%%%%,%%,-&/'%.(0/3%%%%,%%,-(/1%,43/-%%%%%,%%%%%%%,%%%%%%,%%%%.&0/.%%%,'/(%%%%%1'/(%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&-')%):]%&-'%%%+%%%%%)%%%%%%%,%%%%%,%%,40/2%'.(/1%%%%,%%,(3/&%,42/0%%%%%,%%%%%%%,%%%%%%,%%%%.&0/1%%%,'/-%%%%%11/4%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&-1)%97:%&-1%%%+%%%%%)%%%%%%%,%%.&2/.%%%%,%%%%%,%%%%%,%%,-1/-%,4-/(%%%%%,%%%%%%%,%%%%%%,%%%%.0./4%%%,'/-%%%%%14/&%%%%%%,%%&-4)%*<^%&-4%%%+%%%%%)%%%%%%%,%%%%%,%%,-3/2%.-0/(%%%%,%%,&./4%,4'/1%%%%%,%%%%%%%,%%%%%%,%%%%.0-/-%%%,'/.%%%%%11/'%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&-()%`*<%&-(%%%+%%%%%)%%%%%%%,%%%%%,%%,-&/-%.&(/3%%%%,%%,&./(%,1&/1%%%%%,%%%%%%%,%%%%%%,%%%%.&1/2%%%,'/-%%%%%12/(%%%%%%,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&--)%8<:%&--%%%+%%%%%)%%%%%%%,%%.-'/&%%%%,%%%%%,%%%%%,%%,43/&%,4(/-%%%%%,%%%%%%%,%%%%%%,%%%%.&&/&%%%,'/'%%%%%14/.%%%%%%,%
   	
    !
"!#$	
    !  %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()(*&+,-&()(&&&.&&&&&*&&&&&&&/&&01231&&&&/&&&&&/&&&&&/&&/))34&/5036&&&&&/&&&&&&&/&&&&&&/&&&&0((32&&&/036&&&&&5731&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&()1*&*+8&()1&&&.&&&&&*&&&&&&&/&&&&&/&&/(036&&&&/&&&&&/&&/)(30&/593)&&&&&/&&&&&&&/&&&&&&/&&&&0(634&&&/030&&&&&5536&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&()9*&:*;&()9&&&.&&&&&*&&&&&&&/&&0(132&&&&/&&&&&/&&&&&/&&/)435&/2034&&&&&/&&&&&&&/&&&&&&/&&&&0(132&&&/03(&&&&&553)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&-<=>?@</AB/C<=>?@<&D>=E>FG&HIC&2)(551(&/&JKL>F&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&MLG<&67&////////////////////////////////////////&&33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333&&-<=>?@<&&&&&NLA=OK&-<G>IF&/////////&&&&+LF?<C&&&IH&8I3&&PBQ<&+<R&&=<O&&-LSOK3&&JK>/0&?>K<?CLD&&&JK>/6&MCID>F<&MK>&&.<D>T&&JK>/5&&&JK>/5&U>=@DQK&VS<GL&&./AIF?&JK>CLD>EB&&&WL?&&&&&&XLT&&&JKL>F&&&FI3&=EC@O&&QDIE&&&GY/Z&ECLF=&GY[Z&&ECLF=&&&QK>&&K<D>T&&Q=>&&CE/KLF?&DH/KLF?&&AIF?&?>K<?CLD&&<F3&&&J/LDQKL&&OIFELOE=&&&?<\&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&((4*&];^&((4&&&.&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/263(&/7636&&&&&/&&&&&&&/&&&&&&/&&&&01430&&&/636&&&&&&&/&&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&((0*&];_&((0&&&.&&&&&*&&&&&&&/&&&&&/&&/(034&0()39&&&&/&&/)930&/7)36&&&&&/&&&&&&&/&&&&&&/&&&&0((32&&&/636&&&&&5737&&&&&&/&&((6*&:*;&((6&&&.&&&&&*&&&&&&&/&&02139&&&&/&&&&&/&&&&&/&&/2139&/7631&&&&&/&&&&&&&/&&&&&&/&&&&0()37&&&/635&&&&&5035&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&((5*&:*;&((5&&&.&&&&&*&&&&&&&/&&0(539&&&&/&&&&&/&&&&&/&&/2232&/7632&&&&&/&&&&&&&/&&&&&&/&&&&0(534&&&/637&&&&&5636&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&((7*&J^+&((7&&&.&&&&&*&&&&&&&/&&0(531&&&&/&&&&&/&&&&&/&&/2539&/2735&&&&&/&&&&&&&/&&&&&&/&&&&0(939&&&/037&&&&&573)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&((2*&`;,&((2&&&.&&&&&*&&&&&&&/&&&&&/&&/2030&&&&/&&&&&/&&/)63)&/593)&&&&&/&&&&&&&/&&&&&&/&&&&01630&&&/634&&&&&5537&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(()*&M.,&(()&&&.&&&&&*&&&&&&&/&&0)134&&&&/&&&&&/&&&&&/&&/(539&/5(32&&&&&/&&&&&&&/&&&&&&/&&&&0(636&&&/530&&&&&5530&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&(((*&;,_&(((&&&.&&&&&*&&&&&&&/&&&&&/&&/1530&0143)&&&&/&&/2135&/7)34&&&&&/&&&&&&&/&&&&&&/&&&&01239&&&/535&&&&&5536&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&['&&((1*&P.-&((1&&&.&&&&&*&&&&&&&/&&60(39&&&&/&&&&&/&&&&&/&&/)432&/7535&&&&&/&&&&&&&/&&&&&&/&&&&01537&&&/63)&&&&&6934&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&''&&((9*&*;*&((9&&&.&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/(936&/6039&&&&&/&&&&&&&/&&&&&&/&&&&0((3(&&&/634&&&&&553)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&(14*&*;*&(14&&&.&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/(632&/7)39&&&&&/&&&&&&&/&&&&&&/&&&&01)34&&&/032&&&&&5734&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(10*&;,_&(10&&&K&&&&&*&&&&&&&/&&&&&/&&/293(&01037&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0163)&&&/632&&&&&5534&&&&&&/&&(16*&];^&(16&&&P&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01634&&&&&/&&&&&&&&/&&&&&&&/&&(15*&;,_&(15&&&E&&&&&W&&&&&&&/&&&&&/&&/)(34&07039&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)93(&&&/634&&&&&5)36&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&(17*&M-V&(17&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/)231&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0(937&&&&&/&&&&&&7434&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&['&&(12*&];_&(12&&&&&&&&&W&&&&&&&/&&&&&/&&/)639&64232&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0(631&&&&&/&&&&&&5230&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&(1)*&*;*&(1)&&&+&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01530&&&&&/&&&&&&5534&&&&&&/&&(1(*&;,_&(1(&&&&&&&&&W&&&&&&&/&&&&&/&&/2)37&0)437&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01436&&&&&/&&&&&&5731&&&&&&/&&(11*&`;,&(11&&&K&&&&&W&&&&&2137&&&&/&&&&&/&&0)432&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01134&&&&&/&&&&&&503)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(19*&M-V&(19&&&.&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/7)3)&/7)3)&/793)&&&&&/&&&&&&&/&&&&&&/&&&&01234&&&&&/&&&&&&5936&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&['&&(94*&:*;&(94&&&.&&&&&*&&&&&&&/&&01537&&&&/&&&&&/&&&&&/&&/2735&/7730&&&&&/&&&&&&&/&&&&&&/&&&&0(730&&&&&/&&&&&&503(&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(90*&];8&(90&&&.&&&&&*&&&&&&&/&&&&&/&&/(432&02239&&&&/&&/)430&/253)&&&&&/&&&&&&&/&&&&&&/&&&&0143)&&&/431&&&&&5737&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&['&&(96*&;,_&(96&&&.&&&&&*&&&&&&&/&&&&&/&&/)43(&0)135&&&&/&&/2239&/7039&&&&&/&&&&&&&/&&&&&&/&&&&0(136&&&/634&&&&&5236&&&&&&/&&(95*&;,_&(95&&&.&&&&&*&&&&&&&/&&&&&/&&/(13)&0)73(&&&&/&&/)03(&/7036&&&&&/&&&&&&&/&&&&&&/&&&&0(239&&&/536&&&&&5534&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&['&&(97*&P-M&(97&&&.&&&&&*&&&&&&&/&&0)134&&&&/&&&&&/&&&&&/&&/)239&/5936&&&&&/&&&&&&&/&&&&&&/&&&&0(937&&&/031&&&&&5534&&&&&&/&&(92*&:*;&(92&&&.&&&&&*&&&&&&&/&&0)934&&&&/&&&&&/&&&&&/&&/))36&/7030&&&&&/&&&&&&&/&&&&&&/&&&&01237&&&/636&&&&&5736&&&&&&/&&(9)*&*+8&(9)&&&.&&&&&*&&&&&&&/&&&&&/&&/1531&&&&/&&&&&/&&/((36&/6)32&&&&&/&&&&&&&/&&&&&&/&&&&01635&&&/63(&&&&&5535&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(9(*&;,_&(9(&&&.&&&&&*&&&&&&&/&&&&&/&&/(53(&02137&&&&/&&/973(&/763(&&&&&/&&&&&&&/&&&&&&/&&&&01139&&&/031&&&&&5731&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&['&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
   	
    !
"!#$	
    !  
%%&&'()*&+*,&'()&&&-&&&&&.&&&&&&&/&&0)12)&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0((21&&&/32'&&&&&4423&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%&&'((*&567&'((&&&5&&&&&*&&&&&&&/&&&&&/&&/4823&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'328&&&/028&&&&&432)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&)11*&*9:&)11&&&-&&&&&*&&&&&&&/&&&&&/&&/8024&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)02)&&&/421&&&&&402'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&)10*&;,<&)10&&&6&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/='28&/>02(&&&&&/&&&&&&&/&&&&&&/&&&&0''2>&&&&&/&&&&&&&&/&&&&&&&/&&)13*&,?@&)13&&&6&&&&&*&&&&&&&/&&&&&/&&/8>21&08)2)&&&&/&&/==2(&/>(2)&&&&&/&&&&&&&/&&&&&&/&&&&0)12>&&&/02(&&&&&4320&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&7ABCDEA/FG/HABCDEA&ICBJCKL&MNH&8='44)'&/&O-.CK&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:.LA&38&////////////////////////////////////////&&22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222&&7ABCDEA&&&&&P.FBQ-&7ALCNK&/////////&&&&9.KDAH&&&NM&RN2&&5GSA&9AT&&BAQ&&7.UQ-2&&O-C/0&DC-ADH.I&&&O-C/3&:HNICKA&:-C&&6AICV&&O-C/4&&&O-C/4&WCBEIS-&XUAL.&&6/FNKD&O-CH.ICJG&&&Y.D&&&&&&Z.V&&&O-.CK&&&KN2&BJHEQ&&SINJ&&&L[/\&JH.KB&L[]\&&JH.KB&&&S-C&&-AICV&&SBC&&HJ/-.KD&IM/-.KD&&FNKD&DC-ADH.I&&AK2&&&O/.IS-.&&QNKJ.QJB&&&DA^&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&)14*&:7X&)14&&&6&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/='23&/='23&/482(&&&&&/&&&&&&&/&&&&&&/&&&&0'420&&&&&/&&&&&&4'2=&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&)1>*&*,*&)1>&&&6&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/842=&/>'2=&&&&&/&&&&&&&/&&&&&&/&&&&0)320&&&/321&&&&&4>2=&&&&&&/&&)18*&567&)18&&&6&&&&&*&&&&&&&/&&&&&/&&/'321&&&&/&&&&&/&&/=824&/4)2'&&&&&/&&&&&&&/&&&&&&/&&&&0'=2>&&&/02'&&&&&432>&&&&&&/&&)1=*&*,*&)1=&&&6&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/=82)&/402=&&&&&/&&&&&&&/&&&&&&/&&&&0'(21&&&/323&&&&&4>20&&&&&&/&&)1'*&,?@&)1'&&&6&&&&&*&&&&&&&/&&&&&/&&/')2)&0=32>&&&&/&&/='23&/382=&&&&&/&&&&&&&/&&&&&&/&&&&0=(2>&&&/02)&&&&&442'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&)1)*&;,<&)1)&&&-&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'(24&&&/12(&&&&&&&/&&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&]%&&)1(*&:6?&)1(&&&5&&&&&*&&&&&&&/&&&&&/&&/=(2)&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'82=&&&/02>&&&&&4>23&&&&&&/&&)01*&*9R&)01&&&J&&&&&Y&&&&&&&/&&&&&/&&/'328&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'=20&&&/02(&&&&&4420&&&&&&/&&)00*&:7X&)00&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/8420&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)42(&&&&&/&&&&&&4)23&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&)03*&:7X&)03&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/)>21&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'02>&&&&&/&&&&&&4)2'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&]%&&)04*&*9:&)04&&&J&&&&&Y&&&&&&&/&&&&&/&&/8'2>&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)02'&&&&&/&&&&&&442)&&&&&&/&&)0>*&,?@&)0>&&&5&&&&&*&&&&&&&/&&&&&/&&/='2=&0')24&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)32=&&&&&/&&&&&&4>2=&&&&&&/&&)08*&*9:&)08&&&L&&&&&*&&&&&'=2=&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)128&&&&&/&&&&&&4>2)&&&&&&/&&)0=*&_,?&)0=&&&;&&&&&*&&&&&&&/&&&&&/&&/(=21&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)324&&&/020&&&&&4424&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&]%&&)0'*&Z?5&)0'&&&;&&&&&*&&&&&&&/&&&&&/&&/'12=&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'(28&&&&&/&&&&&&442=&&&&&&/&&)0)*&*9:&)0)&&&;&&&&&*&&&&&&&/&&&&&/&&/'028&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)32'&&&/02)&&&&&4421&&&&&&/&&)0(*&*7;&)0(&&&L&&&&&Y&&&&&&&/&&&&&/&&/'82'&0)02>&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)02)&&&/128&&&&&482'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&]%&&)31*&:7X&)31&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/=324&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'=23&&&&&/&&&&&&4'24&&&&&&/&&)30*&:7X&)30&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/=021&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'(24&&&&&/&&&&&&4)2(&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&)33*&*7;&)33&&&&&&&&&Y&&&&&&&/&&0'>23&&&&/&&0(823&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'828&&&&&/&&&&&&4=2(&&&&&&/&&)34*&9?7&)34&&&J&&&&&Y&&&&&&&/&&0')23&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)32'&&&&&/&&&&&&4421&&&&&&/&&)3>*&:7X&)3>&&&5&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/=823&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)82=&&&&&/&&&&&&>124&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&]%&&)38*&,<9&)38&&&5&&&&&*&&&&&&&/&&&&&/&&/8428&0=420&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)>23&&&&&/&&&&&&432=&&&&&&/&&)3=*&;,@&)3=&&&J&&&&&Y&&&&&&&/&&0==21&&&&/&&0()23&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)>24&&&/02>&&&&&4428&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&)3'*&:7X&)3'&&&&&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/=)2(&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'=23&&&&&/&&&&&&4)2=&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&)3)*&,?@&)3)&&&9&&&&&*&&&&&&&/&&&&&/&&/'>23&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0''2)&&&&&/&&&&&&4421&&&&&&/&&)3(*&_,?&)3(&&&9&&&&&Y&&&&&&&/&&&&&/&&/8(28&0802'&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0)324&&&&&/&&&&&&4>21&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&)41*&9?7&)41&&&-&&&&&Y&&&&&8'2)&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0'32>&&&&&/&&&&&&482(&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&)40*&;,<&)40&&&6&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&8>2'/03(2>&&&&&/&&&&&&&/&&&&&&/&&&&0)324&&&&&/&&&&&&&&/&&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%0120%&%)21%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%0120%&&)43*&57:&)43&&&6&&&&&*&&&&&&&/&&0)120&&&&/&&&&&/&&&&&/&&/8'28&/4'28&&&&&/&&&&&&&/&&&&&&/&&&&0'(28&&&&&/&&&&&&4328&&&&&&/&&)44*&,?@&)44&&&6&&&&&*&&&&&&&/&&0(=2>&&&&/&&&&&/&&&&&/&&/=02)&/>828&&&&&/&&&&&&&/&&&&&&/&&&&0'02)&&&/02>&&&&&442'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&)4>*&:6?&)4>&&&6&&&&&*&&&&&&&/&&0(324&&&&/&&&&&/&&&&&/&&/>'23&/8820&&&&&/&&&&&&&/&&&&&&/&&&&0'=28&&&/12=&&&&&482)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&]%&&&&&&&&&&&&&&&&&&&&&&&&]%&
   	
    !
"!#$	
    !  
%&'()%*+,%&'(%%%+%%%%%)%%%%%%%-%%./012%%%%-%%%%%-%%%%%-%%-(314%-341.%%%%%-%%%%%%%-%%%%%%-%%%%.//14%%%-.1&%%%%%'015%%%%%%-%%&'4)%)67%&'4%%%+%%%%%)%%%%%%%-%%%%%-%%-&/14%./01/%%%%-%%-('1.%-(.15%%%%%-%%%%%%%-%%%%%%-%%%%.&01'%%%-01(%%%%%'01&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%8%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&'/)%9:6%&'/%%%+%%%%%)%%%%%%%-%%%%%-%%-4413%%%%-%%%%%-%%-/31'%-0'1/%%%%%-%%%%%%%-%%%%%%-%%%%.4(14%%%-01(%%%%%'013%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%&'&)%;,9%&'&%%%+%%%%%)%%%%%%%-%%.2214%%%%-%%%%%-%%%%%-%%-(415%-((1.%%%%%-%%%%%%%-%%%%%%-%%%%.&31'%%%-01'%%%%%'41&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&'2)%)<)%&'2%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-441(%-3(1(%%%%%-%%%%%%%-%%%%%%-%%%%./(1/%%%-01/%%%%%'012%%%%%%-%%&35)%=<,%&35%%%+%%%%%)%%%%%%%-%%%%%-%%-('15%%%%-%%%%%-%%-(&1.%-3/1'%%%%%-%%%%%%%-%%%%%%-%%%%./210%%%-01&%%%%%''1/%%%%%%-%%%6>?@AB>-CD-E>?@AB>%F@?G@HI%JKE%(4/''&/%-%LMN@H%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*NI>%04%----------------------------------------%%11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111%%6>?@AB>%%%%%ONC?PM%6>I@KH%---------%%%%QNHA>E%%%KJ%RK1%%9DS>%Q>T%%?>P%%6NUPM1%%LM@-.%A@M>AENF%%%LM@-0%*EKF@H>%*M@%%+>F@V%%LM@-'%%%LM@-'%W@?BFSM%XU>IN%%+-CKHA%LM@ENF@GD%%%YNA%%%%%%;NV%%%LMN@H%%%HK1%?GEBP%%SFKG%%%IZ-[%GENH?%IZ\[%%GENH?%%%SM@%%M>F@V%%S?@%%EG-MNHA%FJ-MNHA%%CKHA%A@M>AENF%%>H1%%%L-NFSMN%%PKHGNPG?%%%A>]%-----------------------------------------------------------------------------------------------------------------------------------%%&3.)%7<:%&3.%%%+%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-('1'%-3/1&%%%%%-%%%%%%%-%%%%%%-%%%%.&51(%%%-015%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&30)%7<:%&30%%%+%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-4(12%-301/%%%%%-%%%%%%%-%%%%%%-%%%%./310%%%-010%%%%%%%-%%%%%%%-%%&3')%9:6%&3'%%%+%%%%%)%%%%%%%-%%./&1&%%%%-%%%%%-%%%%%-%%-(/10%-(41.%%%%%-%%%%%%%-%%%%%%-%%%%.&010%%%-01/%%%%%''1&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&33)%^)<%&33%%%+%%%%%)%%%%%%%-%%.4&1.%%%%-%%%%%-%%%%%-%%-(/13%-'21(%%%%%-%%%%%%%-%%%%%%-%%%%./&14%%%-'1(%%%%%'014%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%&3()%7<:%&3(%%%+%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-4.14%-3/10%%%%%-%%%%%%%-%%%%%%-%%%%.&515%%%-013%%%%%%%-%%%%%%%-%%&34)%)<)%&34%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-441/%-3.10%%%%%-%%%%%%%-%%%%%%-%%%%.&310%%%-01'%%%%%'310%%%%%%-%%&3/)%)<)%&3/%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-431(%-3.1&%%%%%-%%%%%%%-%%%%%%-%%%%./&15%%%-'1.%%%%%'010%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%8%%&3&)%9+6%&3&%%%+%%%%%)%%%%%3(1(%%%%-%%%%%-%%%%%-%%%%%-%%-/51.%-321'%%%%%-%%%%%%%-%%%%%%-%%%%.//13%%%-010%%%%%'315%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&32)%^)<%&32%%%+%%%%%)%%%%%%%-%%.4415%%%%-%%%%%-%%%%%-%%-(&1.%-301&%%%%%-%%%%%%%-%%%%%%-%%%%./(1/%%%-.12%%%%%''1&%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(5)%7<:%&(5%%%+%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-(012%-((10%%%%%-%%%%%%%-%%%%%%-%%%%.&010%%%-01/%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(.)%)<)%&(.%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-(&10%-301/%%%%%-%%%%%%%-%%%%%%-%%%%./412%%%-01.%%%%%''1.%%%%%%-%%&(0)%)<)%&(0%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-431&%-3&15%%%%%-%%%%%%%-%%%%%%-%%%%.//1&%%%-.1&%%%%%''1&%%%%%%-%%&(')%)<)%&('%%%+%%%%%)%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%-4/10%-0210%%%%%-%%%%%%%-%%%%%%-%%%%./31/%%%-01/%%%%%'01/%%%%%%-%%&(3)%96*%&(3%%%+%%%%%)%%%%%%%-%%.4/15%%%%-%%%%%-%%%%%-%%-4&14%-'41&%%%%%-%%%%%%%-%%%%%%-%%%%.&514%%%-01&%%%%%'314%%%%%%-%%&(()%96*%&((%%%+%%%%%)%%%%%%%-%%.&510%%%%-%%%%%-%%%%%-%%-4&1/%-3/1.%%%%%-%%%%%%%-%%%%%%-%%%%./&13%%%-.1(%%%%%'014%%%%%%-%%&(4)%*+,%&(4%%%+%%%%%)%%%%%%%-%%%%%-%%-&51'%%%%-%%%%%-%%-((1/%-'(12%%%%%-%%%%%%%-%%%%%%-%%%%.&31.%%%-.12%%%%%''1(%%%%%%-%%&(/)%<,_%&(/%%%M%%%%%N%%%%%%%-%%%%%-%%-&415%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.201'%%%-.1(%%%%%'51'%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%88%%&(&)%9:6%&(&%%%9%%%%%)%%%%%%%-%%%%%-%%-(513%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&.10%%%%%-%%%%%%'014%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&(2)%)<)%&(2%%%G%%%%%Y%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&(1.%%%-.1'%%%%%''1'%%%%%%-%%&45)%7<_%&45%%%Q%%%%%)%%%%%%%-%%%%%-%%%-410%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%./51/%%%%%-%%%%%%'01(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8888%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8888%%&4.)%)Q*%&4.%%%Q%%%%%)%%%%%%%-%%%%%-%%-//13%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&51&%%%%%-%%%%%%'313%%%%%%-%%&40)%7<:%&40%%%Q%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&414%%%%%-%%%%%%%%-%%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%&4')%*6X%&4'%%%%%%%%%-%%%%%%%-%%%%%-%%%%%-%%%%%-%%-/.13%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&.13%%%%%-%%%%%%'&10%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%8%%&43)%+=Q%&43%%%%%%%%%`C%%%%3&1'%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%./212%%%-.1&%%%%%'31/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%&4()%^)<%&4(%%%G%%%%%C%%%%%%%-%%%%%-%%-4013%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&21(%%%-'1/%%%%%'51(%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\8%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%&44)%)QR%&44%%%9%%%%%Y%%%%%.215%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.2.12%%%-.1/%%%%%'.1/%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\88%%&4/)%9:6%&4/%%%9%%%%%F%%%%%%%-%%%%%-%%-4'1(%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.&01/%%%%%-%%%%%%'015%%%%%%-%%&4&)%Q,6%&4&%%%9%%%%%)%%%%%%%-%%0'01(%%%%-%%%%%-%%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%./01.%%%-015%%%%%'(14%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%%%%%%%%%%%%%%%%8%%%%%%%\88%%&42)%7<R%&42%%%G%%%%%`F%%%%%%-%%%%%-%%-('1(%.'/14%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.421.%%%-51(%%%%%'013%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%\8%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%88%%&/5)%<,_%&/5%%%Q%%%%%)%%%%%%%-%%%%%-%%-3/14%.'.1/%%%%-%%%%%-%%%%%-%%%%%%-%%%%%%%-%%%%%%-%%%%.4/10%%%%%-%%%%%%'(14%%%%%%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%88%
   	
    !
"!#$	
    !   
%&'()%*+,%&'(%%%-%%%%%)%%%%%%%.%%%%%.%%./'0(%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&(01%%%%%.%%%%%%2303%%%%%%.%%&'4)%+5-%&'4%%%-%%%%%6%%%%%%%.%%%%%.%%.'/0(%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('702%%%%%.%%%%%%2403%%%%%%.%%&'2)%8+9%&'2%%%%%%%%%:%%%%%'30(%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(3(0'%%%%%.%%%%%%4&0(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%;;;%%&'=)%>9*%&'=%%%-%%%%%6%%%%%%%.%%%%%.%%.&40&%4110'%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&40(%%%%%.%%%%%%2=07%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%&'/)%?@A%&'/%%%%%%%%%6%%%%%%%.%%%%%.%%.7(01%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('307%%%%%.%%%%%%2/0/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%,BCDEFB.GH.IBCDEFB%JDCKDLM%NOI%/3'22&'%.%PQ6DL%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%86MB%4'%........................................%%00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000%%,BCDEFB%%%%%R6GCSQ%,BMDOL%.........%%%%-6LEBI%%%ON%AO0%%*HTB%-BU%%CBS%%,6VSQ0%%PQD.(%EDQBEI6J%%%PQD.4%8IOJDLB%8QD%%+BJDW%%PQD.2%%%PQD.2%XDCFJTQ%YVBM6%%+.GOLE%PQDI6JDKH%%%:6E%%%%%%>6W%%%PQ6DL%%%LO0%CKIFS%%TJOK%%%MZ.[%KI6LC%MZ<[%%KI6LC%%%TQD%%QBJDW%%TCD%%IK.Q6LE%JN.Q6LE%%GOLE%EDQBEI6J%%BL0%%%P.6JTQ6%%SOLK6SKC%%%EB\%...................................................................................................................................%%&'3)%P]-%&'3%%%%%%%%%J%%%%%%%.%%41(0(%%%%.%%(=/0=%%%%.%%%%%.%%%%%.%%%(/=0'%%%%%%.%%%%%401%%%(/'0(%%%%%.%%%%%%2103%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%<;;;%%%%%%%%%%%%%%%%%%%<;;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;;%%&'')%*+,%&''%%%-%%%%%6%%%%%2/0'%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('&04%%%%%.%%%%%%240'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%&'&)%?@^%&'&%%%-%%%%%)%%%%%%%.%%%%%.%%.'20&%4(=0(%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('=0&%%%%%.%%%%%%2404%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%&'7)%)-8%&'7%%%%%%%%%J%%%%%%%.%%44104%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&(0&%%%%%.%%%%%%2=01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%&&1)%)-A%&&1%%%%%%%%%6%%%%%=/01%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(7/02%%%%%.%%%%%%220&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;%%&&()%*+,%&&(%%%-%%%%%)%%%%%%%.%%44&07%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(3301%%%%%.%%%%%%2'0'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%<;;%%&&4)%+5-%&&4%%%%%%%%%G%%%%%%%.%%4((03%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&30(%%%%%.%%%%%%2=0/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%&&2)%8+9%&&2%%%%%%%%%)%%%%%%%.%%%%%.%.(1207%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('702%%%.103%%%%%2(0&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%;;%%&&=)%?@^%&&=%%%-%%%%%:%%%%%%%.%%41407%%%%.%%(''01%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(''0/%%%%%.%%%%%%220=%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%&&/)%?@]%&&/%%%%%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('/04%%%%%.%%%%%%%%.%%%%%%%.%%&&3)%5@9%&&3%%%-%%%%%G%%%%%3&07%%%%.%%%%%.%%('707%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('=0=%%%%%.%%%%%%2(03%%%%%%.%%&&')%)-8%&&'%%%%%%%%%:%%%%%%%.%%('(04%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&=04%%%%%.%%%%%%240&%%%%%%.%%&&&)%P]-%&&&%%%M%%%%%6%%%%%%%.%%(&&03%%%%.%%('401%%%%.%%%%%.%%%%%.%%%(/=0'%%%%%%.%%%%%401%%%(&&02%%%%%.%%%%%%2403%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;;%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;;%%&&7)%?@^%&&7%%%?%%%%%6%%%%%3/0(%%%%.%%%%%.%%(&'03%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('(07%%%%%.%%%%%%2(07%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%&71)%_)@%&71%%%?%%%%%)%%%%%%%.%%%%%.%%.4'02%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('/0(%%%.(07%%%%%240/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;;%%&7()%8+9%&7(%%%?%%%%%)%%%%%%%.%%%%%.%%.'/0/%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('&0(%%%.10'%%%%%2=01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<;%%%%%%%%%%%%%%%%%%%%%%%%<;%%&74)%?@^%&74%%%?%%%%%)%%%%%%%.%%%%%.%%.340/%('20&%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&20/%%%.(01%%%%%2=07%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%;%%&72)%)@)%&72%%%M%%%%%:%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%('702%%%.(04%%%%%2407%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%;%%&7=)%8,Y%&7=%%%Q%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.&104%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%(&107%%%%%.%%%%%%2'07%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%;%%&7/)%?@^%&7/%%%+%%%%%)%%%%%%%.%%%%%.%%.3304%%%%.%%%%%.%%./702%.=&03%%%%%.%%%%%%%.%%%%%%.%%%%(&(0'%%%%%.%%%%%%2404%%%%%%.%%&73)%8,Y%&73%%%+%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.'(07%.'(07%.4403%%%%%.%%%%%%%.%%%%%%.%%%%('(0/%%%%%.%%%%%%2&03%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%;%%&7')%>9*%&7'%%%+%%%%%)%%%%%%%.%%%%%.%%.'=0(%(&702%%%%.%%.'107%.230&%%%%%.%%%%%%%.%%%%%%.%%%%('&03%%%%%.%%%%%%2=01%%%%%%.%%&7&)%*+,%&7&%%%+%%%%%)%%%%%%%.%%%%%.%%./=07%%%%.%%%%%.%%.3'07%.2407%%%%%.%%%%%%%.%%%%%%.%%%%('/0&%%%.(07%%%%%240'%%%%%%.%%&77)%>9*%&77%%%+%%%%%)%%%%%%%.%%%%%.%%.'70'%%%%.%%%%%.%%.3202%./(0'%%%%%.%%%%%%%.%%%%%%.%%%%(&107%%%.(0'%%%%%2202%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%711)%)@)%711%%%+%%%%%)%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%./703%./101%%%%%.%%%%%%%.%%%%%%.%%%%(&(0=%%%.(0&%%%%%220'%%%%%%.%%71()%@9^%71(%%%+%%%%%)%%%%%%%.%%(&307%%%%.%%%%%.%%%%%.%%./&07%.==07%%%%%.%%%%%%%.%%%%%%.%%%%('70/%%%.403%%%%%220'%%%%%%.%%714)%-9,%714%%%+%%%%%)%%%%%%%.%%%%%.%%./40&%%%%.%%%%%.%%.'107%.4=0=%%%%%.%%%%%%%.%%%%%%.%%%%('40'%%%.401%%%%%2/01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%712)%_)@%712%%%+%%%%%)%%%%%%%.%%(/&0/%%%%.%%%%%.%%%%%.%%.'(01%./104%%%%%.%%%%%%%.%%%%%%.%%%%('30(%%%.(02%%%%%240/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    !  
%&&'()*&+,-&'()&&&.&&&&&*&&&&&&&/&&0'(12&&&&/&&&&&/&&&&&/&&/3314&/341(&&&&&/&&&&&&&/&&&&&&/&&&&05'12&&&/617&&&&&4)16&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'(3*&8*+&'(3&&&.&&&&&*&&&&&&&/&&02415&&&&/&&&&&/&&&&&/&&/341(&/3517&&&&&/&&&&&&&/&&&&&&/&&&&07)14&&&/412&&&&&4616&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&%&&&&9%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&&&&&&&&&&&&&&&&&&&&%%&&'(2*&:.;&'(2&&&.&&&&&*&&&&&&&/&&&&&/&&/3016&&&&/&&&&&/&&/3515&/)51'&&&&&/&&&&&&&/&&&&&&/&&&&0571'&&&/610&&&&&4614&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'(5*&<+,&'(5&&&.&&&&&*&&&&&&&/&&&&&/&&/5(13&02'12&&&&/&&/331(&/)512&&&&&/&&&&&&&/&&&&&&/&&&&07(1)&&&/41)&&&&&4615&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%&&&&&&&&&&&&&&&&&&&&&&&&9%&&&;=>?@A=/BC/D=>?@A=&E?>F?GH&IJD&3254475&/&KLM?G&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NMH=&67&////////////////////////////////////////&&11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111&&;=>?@A=&&&&&OMB>PL&;=H?JG&/////////&&&&QMG@=D&&&JI&RJ1&&:CS=&Q=T&&>=P&&;MUPL1&&KL?/0&@?L=@DME&&&KL?/6&NDJE?G=&NL?&&.=E?V&&KL?/4&&&KL?/4&W?>AESL&XU=HM&&./BJG@&KL?DME?FC&&&YM@&&&&&&ZMV&&&KLM?G&&&GJ1&>FDAP&&SEJF&&&H[/\&FDMG>&H[9\&&FDMG>&&&SL?&&L=E?V&&S>?&&DF/LMG@&EI/LMG@&&BJG@&@?L=@DME&&=G1&&&K/MESLM&&PJGFMPF>&&&@=]&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&'(7*&^+-&'(7&&&.&&&&&*&&&&&&&/&&&&&/&&/5012&&&&/&&&&&/&&/2(1)&/4)12&&&&&/&&&&&&&/&&&&&&/&&&&0541)&&&/612&&&&&4017&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'('*&Z,:&'('&&&.&&&&&*&&&&&&&/&&&&&/&&/3713&&&&/&&&&&/&&/2)15&/)314&&&&&/&&&&&&&/&&&&&&/&&&&05)12&&&/01'&&&&&4413&&&&&&/&&'0(*&K_Q&'0(&&&.&&&&&*&&&&&&&/&&&&&/&&/3'1(&&&&/&&&&&/&&/3515&/)417&&&&&/&&&&&&&/&&&&&&/&&&&07)17&&&/613&&&&&4417&&&&&&/&&'00*&*QR&'00&&&.&&&&&*&&&&&&&/&&6(71(&&&&/&&&&&/&&&&&/&&/5)12&/6416&&&&&/&&&&&&&/&&&&&&/&&&&02716&&&/414&&&&&4(15&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&9%&&&&&&&&&&&&&&&&&&&&&&&&%%&&'06*&*+*&'06&&&.&&&&&*&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&/201'&/4715&&&&&/&&&&&&&/&&&&&&/&&&&05015&&&/01'&&&&&4416&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'04*&+,-&'04&&&.&&&&&*&&&&&&&/&&&&&/&&/2)1)&0271'&&&&/&&/2312&/)513&&&&&/&&&&&&&/&&&&&&/&&&&05417&&&/016&&&&&4410&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'0)*&*QR&'0)&&&.&&&&&*&&&&&&&/&&&&&/&&/5(12&&&&/&&&&&/&&/3010&/6513&&&&&/&&&&&&&/&&&&&&/&&&&07312&&&/61(&&&&&431(&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'03*&Q,;&'03&&&L&&&&&*&&&&&&&/&&&&&/&&/5010&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05716&&&/01(&&&&&4)16&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'02*&+,-&'02&&&F&&&&&*&&&&&&&/&&&&&/&&/7310&02)17&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05710&&&/017&&&&&4)15&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'05*&Q,;&'05&&&&&&&&&Y&&&&&&&/&&02(15&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0501'&&&&&/&&&&&&4315&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'07*&^+-&'07&&&Q&&&&&*&&&&&&&/&&0771(&&&&/&&05'1'&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&07216&&&&&/&&&&&&4414&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'0'*&*QR&'0'&&&Q&&&&&*&&&&&&&/&&&&&/&&/2)1(&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&07(13&&&&&/&&&&&&4615&&&&&&/&&'6(*&^+R&'6(&&&&&&&&&Y&&&&&&&/&&&&&/&&/2)1)&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0541)&&&&&/&&&&&&401'&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'60*&Q,;&'60&&&F&&&&&Y&&&&&&&/&&&&&/&&/731(&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05414&&&&&/&&&&&&4)14&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'66*&+,-&'66&&&:&&&&&*&&&&&&&/&&&&&/&&/5510&0341'&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05510&&&&&/&&&&&&4614&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'64*&+,-&'64&&&:&&&&&*&&&&&&&/&&&&&/&/00310&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&0521)&&&&&/&&&&&&441)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%&&'6)*&*;^&'6)&&&:&&&&&*&&&&&&&/&&&&&/&&/7317&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05)15&&&/016&&&&&4)10&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'63*&Z,:&'63&&&F&&&&&B&&&&&&&/&&0'415&&&&/&&02515&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&07)1(&&&/61'&&&&&441(&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&%&&'62*&N;X&'62&&&H&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/5)1)&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05217&&&&&/&&&&&&4'16&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%&&&&&&&&&&&&&&&9%&&'65*&N;X&'65&&&^&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/3(1'&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&07)15&&&&&/&&&&&&4'1)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%&&&&&&&&&&&&&&&9%&&'67*&:;N&'67&&&^&&&&&*&&&&&3'10&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05(17&&&&&/&&&&&&4(1)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&9%&&'6'*&8*+&'6'&&&^&&&&&*&&&&&&&/&&06(1(&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&05217&&&/012&&&&&4016&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9%%%&&'4(*&*QR&'4(&&&L&&&&&B&&&&&&&/&&07617&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&07)13&&&/61(&&&&&4)1(&&&&&&/&&'40*&<+,&'40&&&.&&&&&*&&&&&&&/&&&&&/&&/3(15&&&&/&&&&&/&&/2215&/))1)&&&&&/&&&&&&&/&&&&&&/&&&&05515&&&&&/&&&&&&441)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'46*&:;N&'46&&&.&&&&&*&&&&&&&/&&&&&/&&/371(&&&&/&&&&&/&&/3013&/)(15&&&&&/&&&&&&&/&&&&&&/&&&&07(14&&&&&/&&&&&&441'&&&&&&/&
   	
    !
"!#$	
    !  %
`*+&(58&&&O&&&&&F&&&&&&&/&&01)3(&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&28)34&&&/232&&&&&)03)&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''''&&(50*&*;Q&(50&&&O&&&&&*&&&&&&&/&&20531&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&06(3(&&&/83(&&&&&)831&&&&&&0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&'&&&&&&&&'^&&(52*&Q<Z&(52&&&.&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/5532&/5532&/)736&&&&&/&&&&&&&/&&&&&&/&&&&0(83(&&&&&/&&&&&&)631&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&'^&&(5)*&+,-&(5)&&&.&&&&&*&&&&&&&/&&&&&/&&/4531&05838&&&&/&&/6531&/7432&&&&&/&&&&&&&/&&&&&&/&&&&06636&&&/235&&&&&))38&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(57*&Q<Z&(57&&&.&&&&&/&&&&&&&/&&&&&/&&&&&/&&&&&/&&/5838&/5838&/)134&&&&&/&&&&&&&/&&&&&&/&&&&01232&&&&&/&&&&&&)(35&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&&&&&&&&&&&&&'^&&(55*&?,@&(55&&&.&&&&&*&&&&&&&/&&0(630&&&&/&&22030&&&&/&&/6234&/7735&&&&&/&&&&&&&/&&&&&&/&&&&06(35&&&/038&&&&&)732&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&''&&(54*&=+,&(54&&&.&&&&&*&&&&&&&/&&&&&/&&/4(34&04534&&&&/&&/5434&/7537&&&&&/&&&&&&&/&&&&&&/&&&&01037&&&/03)&&&&&))34&&&&&&/&&(56*&Q.,&(56&&&.&&&&&*&&&&&&&/&&&&&/&&/643)&&&&/&&&&&/&&/153(&&/136&&&&&/&&&&&&&/&&&&&&/&&&&01738&&&/236&&&&&))31&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&^''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'^'&&(51*&+:;&(51&&&O&&&&&I&&&&&&&/&&&&&/&&/463(&01)34&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01)30&&&/834&&&&&)038&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&&&&&&&&&&&&&&&&&&&&&&'^&&(5(*&+,-&(5(&&&J&&&&&[&&&&&&&/&&&&&/&&/5435&0483(&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&06737&&&/)38&&&&&)536&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&'&&(48*&*<9&(48&&&&&&&&&[&&&&&&&/&&01)38&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01838&&&/835&&&&&))32&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&''&&(40*&*+*&(40&&&&&&&&&[&&&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&01536&&&/834&&&&&))31&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^'&&&&&&&&&&&&&&&&&&&&&&&&'^&&(42*&+,-&(42&&&&&&&&&[&&&&&&&/&&&&&/&&/1838&01730&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&06134&&&&&/&&&&&&))35&&&&&&/&&(4)*&*;Q&(4)&&&O&&&&&[&&&&&&&/&&0643)&&&&/&&&&&/&&&&&/&&&&&/&&&&&/&&&&&&/&&&&&&&/&&&&&&/&&&&06436&&&&&/&&&&&&)531&&&&&&/&&(47*&+,-&(47&&&.&&&&&*&&&&&&&/&&01734&&&&/&&&&&/&&&&&/&&/5434&/2638&&&&&/&&&&&&&/&&&&&&/&&&&06538&&&&&/&&&&&&))36&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(45*&@.<&(45&&&.&&&&&*&&&&&&&/&&&&&/&&/5237&&&&/&&&&&/&&/6030&/7435&&&&&/&&&&&&&/&&&&&&/&&&&01738&&&&&/&&&&&&)537&&&&&&/&&(44*&9+T&(44&&&.&&&&&*&&&&&&&/&&&&&/&&/5(3)&06)37&&&&/&&/683)&/)432&&&&&/&&&&&&&/&&&&&&/&&&&06236&&&&&/&&&&&&))31&&&&&&/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%-%%%%%)%%%%%%%.%%%%%.%%.&/01%%%%.%%%%%.%%.'201%.340&%%%%%.%%%%%%%.%%%%%%.%%%%2420&%%%.301%%%%%3502%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%67%%&'4)%89:%&'4%%%-%%%%%)%%%%%%%.%%;2503%%%%.%%%%%.%%%%%.%%.''02%.3501%%%%%.%%%%%%%.%%%%%%.%%%%2(305%%%.202%%%%%3302%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%67%%&'&)%<9*%&'&%%%-%%%%%)%%%%%%%.%%24'0(%%%%.%%%%%.%%%%%.%%.'405%.550(%%%%%.%%%%%%%.%%%%%%.%%%%2(30;%%%.203%%%%%330/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(1)%=)8%&(1%%%-%%%%%)%%%%%%%.%%2'/01%%%%.%%%%%.%%%%%.%%.5(0;%./204%%%%%.%%%%%%%.%%%%%%.%%%%2(&02%%%.;0;%%%%%3;0(%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%67%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%&(2)%89:%&(2%%%-%%%%%)%%%%%%%.%%%%%.%%./402%24/0/%%%%.%%.'504%.5(04%%%%%.%%%%%%%.%%%%%%.%%%%2(/05%%%.;0/%%%%%3;0;%%%%%%.%%&(;)%8>?%&(;%%%-%%%%%)%%%%%%%.%%%%%.%%.(404%2'(0(%%%%.%%.5/04%./10/%%%%%.%%%%%%%.%%%%%%.%%%%2450(%%%.;0(%%%%%3;04%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%&(3)%@89%&(3%%%-%%%%%)%%%%%%%.%%2&&03%%%%.%%2';04%%%%.%%.4;0;%.;40(%%%%%.%%%%%%%.%%%%%%.%%%%24/02%%%.;0'%%%%%330'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%+ABCDEA.FG.HABCDEA%ICBJCKL%MNH%/'(334(%.%OPQCK%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%,QLA%31%........................................%%00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000%%+ABCDEA%%%%%RQFBSP%+ALCNK%.........%%%%?QKDAH%%%NM%TN0%%*GUA%?AV%%BAS%%+QWSP0%%OPC.2%DCPADHQI%%%OPC.;%,HNICKA%,PC%%-AICX%%OPC.3%%%OPC.3%YCBEIUP%ZWALQ%%-.FNKD%OPCHQICJG%%%[QD%%%%%%<QX%%%OPQCK%%%KN0%BJHES%%UINJ%%%L\.]%JHQKB%L\6]%%JHQKB%%%UPC%%PAICX%%UBC%%HJ.PQKD%IM.PQKD%%FNKD%DCPADHQI%%AK0%%%O.QIUPQ%%SNKJQSJB%%%DA^%...................................................................................................................................%%&(5)%?9+%&(5%%%-%%%%%)%%%%%/401%%%%.%%%%%.%%%%%.%%%%%.%%.4;02%.5;0;%%%%%.%%%%%%%.%%%%%%.%%%%2450'%%%.;02%%%%%3;04%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(/)%89:%&(/%%%P%%%%%)%%%%%%%.%%%%%.%%.'202%2'404%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%2('0'%%%.;05%%%%%3102%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%7%%&(')%,+Z%&('%%%-%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%.'30/%.'30/%%.&05%%%%%.%%%%%%%.%%%%%%.%%%%2'&0'%%%%%.%%%%%%3504%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%677%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%677%%&(()%=)8%&((%%%-%%%%%)%%%%%(/04%%%%.%%%%%.%%%%%.%%%%%.%%.'20;%.;401%%%%%.%%%%%%%.%%%%%%.%%%%2(;04%%%.205%%%%%330'%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&(4)%@89%&(4%%%-%%%%%)%%%%%%%.%%%%%.%%./'02%2(20(%%%%.%%.'(0&%.5/01%%%%%.%%%%%%%.%%%%%%.%%%%2(/05%%%.;01%%%%%330/%%%%%%.%%&(&)%_8>%&(&%%%-%%%%%.%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%./'0(%.5/0;%%%%%.%%%%%%%.%%%%%%.%%%%24101%%%.10/%%%%%%%.%%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%77%%&41)%89:%&41%%%-%%%%%)%%%%%%%.%%2((0'%%%%.%%%%%.%%%%%.%%.'20'%.5401%%%%%.%%%%%%%.%%%%%%.%%%%2('0(%%%.;01%%%%%3501%%%%%%.%%&42)%)?,%&42%%%-%%%%%)%%%%%%%.%%;2&0&%%%%.%%%%%.%%%%%.%%.'504%.5/03%%%%%.%%%%%%%.%%%%%%.%%%%2((0&%%%.204%%%%%3305%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%&4;)%_8:%&4;%%%-%%%%%)%%%%%%%.%%;210(%%%%.%%%%%.%%%%%.%%./(05%.3/0/%%%%%.%%%%%%%.%%%%%%.%%%%2(30(%%%.;0(%%%%%330;%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%&43)%@89%&43%%%-%%%%%)%%%%%%%.%%%%%.%%.'40(%2'50&%%%%.%%.'403%.5'04%%%%%.%%%%%%%.%%%%%%.%%%%24204%%%.20&%%%%%3305%%%%%%.%%&45)%89:%&45%%%-%%%%%)%%%%%%%.%%%%%.%%.';01%2'30;%%%%.%%.'/01%.3'01%%%%%.%%%%%%%.%%%%%%.%%%%2('0&%%%.;0/%%%%%3;0&%%%%%%.%%&4/)%8>?%&4/%%%-%%%%%)%%%%%%%.%%%%%.%%.((0'%2(&04%%%%.%%.'(0;%.5101%%%%%.%%%%%%%.%%%%%%.%%%%2(30&%%%.30/%%%%%330&%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%67%%&4')%,-9%&4'%%%-%%%%%)%%%%%%%.%%2&301%%%%.%%%%%.%%%%%.%%.//05%.550/%%%%%.%%%%%%%.%%%%%%.%%%%24302%%%.20'%%%%%350;%%%%%%.%%&4()%=)8%&4(%%%-%%%%%)%%%%%%%.%%2'/03%%%%.%%%%%.%%%%%.%%.'/01%.3(0'%%%%%.%%%%%%%.%%%%%%.%%%%2(40(%%%.20&%%%%%3;01%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&44)%)8)%&44%%%-%%%%%)%%%%%%%.%%%%%.%%%%%.%%%%%.%%%%%.%%.(303%.5503%%%%%.%%%%%%%.%%%%%%.%%%%2(402%%%.20/%%%%%330'%%%%%%.%%&4&)%)+_%&4&%%%-%%%%%)%%%%%%%.%%;1&01%%%%.%%2';02%%%%.%%.'/04%%.40/%%%%%.%%%%%%%.%%%%%%.%%%%24/0;%%%.;0/%%%%%3/0/%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%677%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%677%%&&1)%)?T%&&1%%%-%%%%%Q%%%%%%%.%%%%%.%%.'30/%%%%.%%%%%.%.2;&0/%.530/%%%%%.%%%%%%%.%%%%%%.%%%%2410&%%%.10/%%%%%3202%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7/057%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%7/057%%&&2)%*>+%&&2%%%P%%%%%)%%%%%%%.%%%%%.%%.5201%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%2'(0/%%%.;02%%%%%3205%%%%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%77%%&&;)%89:%&&;%%%?%%%%%Q%%%%%%%.%%%%%.%%./'04%2'&05%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%2420'%%%%%.%%%%%%3505%%%%%%.%%&&3)%_8:%&&3%%%%%%%%%[%%%%%%%.%%%%%.%%.'20'%24'0'%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%2410/%%%%%.%%%%%%3501%%%%%%.%%&&5)%)?,%&&5%%%%%%%%%.%%%%%%%.%%%%%.%%.((0;%%%%.%%%%%.%%%%%.%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%%%%.%%%%%%.%%%%%%330&%%%%%%.%...................................................................................................................................%<QX%DA^CQJCNKB`%%%%7777%%%%%6777%%6777%%7777%%%677%%%%77721027%74017%%%6777%%%%%%%%%%%%%%%%%%%7777%%%%%77%%%%%%%67%%%%%%7%%%%721027%%...................................................................................................................................%<AQK%^QIEAB`%%%%%%%%%%%%%%%%';0;%24503%.''0;%2(50;%.'50;%.'503%.5105%%2/50(%%%%%%.%%%%%;01%%%2(&01%%%.;01%%%%%3304%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6777%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6777%?JQKDQHD%DA^CQJCNKB`%%%%%%%%2/02%%2'0'%%250/%%2'0;%%210;%%2;0;%%2105%%%%101%%%%%%.%%%%%101%%%%%/0(%%%%10(%%%%%%204%%TEWFAHB%NM%^QIEAB`%%%%%%%%%%%213%%%;/'%%%53;%%%;41%%%%5/%%%5;4%%%5;4%%%%%%;%%%%%%%1%%%%%%;%%%%%&&3%%%%'(/%%%%%%&;(%%%%%%'%%%+ABCDEA.FG.HABCDEA%ICBJCKL%MNH%/'(334(%.%OPQCK%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%,QLA%32%
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&&&&&'()&*+&,+-(./&&&&%%%%%%%%%%%%&&&&&&&&&&&0123456&47&891&0:;:<9:5=>:5&?@48&&&&&&&&&&&&&&&&&&&&&&&&&&&.1<45=:>A&68>B<8B>1&C1D815=1=&':E6<9F.:5=1>G&&&&&&&&&&&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&&&&&&&&&&&&&&&&&&&&&&&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&&&&&&&&&&&&H&&%&,4>1&:@?9:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&I&%&>163=B1&35&364@:81=&E18:%E>3=21&&&&&&&&&&&&&&&&&&&&&&&:&&%&H@@4J1=&:@?9:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&%&1D815=1=&68>:5=K&?:>83<3?:816&35&E18:%@:==1>&&&&&&&&&&L:&%&M151>4B6&:@?9:&&&&&&&&&&&&&&NN&M151>4B6&&&&&&&&&&&&&&&M&%&O%91@3D&COFPQ&91@3DG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&I&&%&,4>1&E18:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&R&%&S%91@3D&C:@?9:%91@3DG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&E&&%&H@@4J1=&E18:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&T&%&U%91@3D&C?3%91@3DG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&LE&%&M151>4B6&E18:&&&&&&&&&&&&&&&NN&M151>4B6&&&&&&&&&&&&&&&.&%&E15=&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&V&&%&,4>1&@178%9:5=1=&:@?9:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&*&%&9A=>4215%E45=1=&8B>5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&@&&%&H@@4J1=&@178%9:5=1=&:@?9:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&L@&%&M151>4B6&@178%9:5=1=&:@?9:&&NN&M151>4B6&&&&&&&&&&&&&&&1&%&1D8156345&47&E18:%68>:5=&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&?&&%&H@@4J1=&1?63@45&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&2&%&1D8156345&47&OFPQ&91@3D&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&L?&%&M151>4B6&1?63@45&&&&&&&&&&&&NN&M151>4B6&&&&&&&&&&&&&&&9&%&1D8156345&47&:@?9:%91@3D&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&WW&%&+B863=1&;:X4>&:>1:6&&&&&&&NNNN&-36:@@4J1=&&&&&&&&&&0163=B1%EA%>163=B1&@368352&74>&UYZOO[Z&%&,9:35&H&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\:21&O]&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&^&H&T&_&&&,&R&H&T&_&&&I&+&_&-&&&V&(&_&M&*&R&.&&&H&_&-&&&I&+&_&-&&&H&_&M&V&(&.&&&&&&&&&&&&&&&&&&&&&`````````````````````````````````````&.;:@@&;4@1<B@1&=:8:&`````````````````````````````````````````&&&&&&&&&&&&&&&&&&&&a%%%%%%%%%%&I45=&@152896&%%%%%%%%%%b&&&&a%%%%%%%%%%%%%%%%%%%%%%&I45=&:52@16&%%%%%%%%%%%%%%%%%%%%%%b&&&&&&&&&&&&&&&&&&&&,%_&&&&&,%+&&&&&,H%,&&&&,H%,I&&&_%,H&&&&,%_%,H&&&,H%,%_&&&,H%,%+&&,I%,H%,&&&_%,H%,&&_%,H%,I&&&+%,%_&&&&&&&&&&&&&&&&&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&H5A&&&&&&&&&&&&&&&&&%&&&&&P`]OP&&&&&%&&&&&&&%&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`Q]QG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\>4&&&&&&&&&&&&&&&P`OSP&&&&&%&&&&&&&%&&&&&&&%&&&&&P`SYY&&&P]]`YQ&&&PPY`cQ&&&&&&%&&&&&&&&%&&&&&PPP`[Q&&&PQO`QQ&&&P]]`QQ&&&&&&&&&&&&&&&&&C&Q`QPYG&&&&&&&&&&&&&&&&&&&&&&&&C&Q`QPUG&C&&U`QQG&C&&P`UQG&&&&&&&&&&&&&&&&&&&C&&]`UQG&C&&P`PQG&C&&P`SQG&(D<1?8&\>4&&&&&&&&P`O]c&&&&&%&&&&&&&%&&&&&&&%&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&P]O`QQ&&&&&&&&&&&&&&&&&C&Q`QPSG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&&P`YQG&M@A&&&&&&&&&&&&&&&&&%&&&&&&&%&&&&&P`UPY&&&&&%&&&&&P`SUP&&&P]Q`YQ&&&PPY`SQ&&&P]Q`[Q&&&&&&%&&&&&PP]`UQ&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`QP[G&&&&&&&&C&Q`QPYG&C&&P`ZQG&C&&]`PQG&C&&]`PQG&&&&&&&&&&C&&]`cQG&&&&&&&&&&&&&&&&&&&(D<1?8&M@A&&&&&&&&&&%&&&&&&&%&&&&&P`U]U&&&&&%&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&P]Q`[Q&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`Q]PG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&&P`ZQG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&H@:&&&&&&&&&&&&&&&&&%&&&&&&&%&&&&&&&%&&&&&P`U]P&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&PPQ`UQ&&&&&&%&&&&&PPQ`SQ&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`QOOG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&&P`UQG&&&&&&&&&&C&&P`UQG&&&&&&&&&&T@1K*9>Kd:@&&&&&&&&&%&&&&&&&%&&&&&&&%&&&&&P`USQ&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&PQc`PQ&&&&&&%&&&&&PPP`UQ&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`Q]ZG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&&]`]QG&&&&&&&&&&C&&P`ZQG&&&&&&&&&&(D<1?8&M@AK\>4&&&&&&%&&&&&&&%&&&&&&&%&&&&&&&%&&&&&P`SU[&&&P]P`ZQ&&&PPY`]Q&&&&&&%&&&&&&&&%&&&&&PPP`]Q&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`QPcG&C&&P`[QG&C&&]`QQG&&&&&&&&&&&&&&&&&&&C&&]`[QG&&&&&&&&&&&&&&&&&&&*91&>168&&&&&&&&&&&&%&&&&&&&%&&&&&&&%&&&&&P`UOQ&&&&&%&&&&&&&&%&&&&&&&&%&&&&&&&&%&&&&&PPQ`PQ&&&&&&%&&&&&PPQ`UQ&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&Q`Q]QG&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&C&&P`cQG&&&&&&&&&&C&&P`ZQG&&&&&&&&&&&_481`&*91&8:E@1&:E4e1&694J6&891&;1:5&e:@B16&4E8:351=&7>4;&6;:@@&;4@1<B@1&=:8:&EA&(529&f&RBE1>&CPccPG`&*91&e:@B16&694J5&35&E>:<g186&&&&&&&:>1&68:5=:>=&=1e3:83456&&&``````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````````&`&&&0163=B1&&%%%%%%%%%%%%%&&&&&a%%%%%%%%%%&I45=&@152896&%%%%%%%%%%b&&&&a%%%%%%%%%%%%%%%%%%%%%%&I45=&:52@16&%%%%%%%%%%%%%%%%%%%%%%b&&_4`&&*A?1&.1h&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:^D&&&,9:35&&&&54`&&&&,%_&&&&&,%+&&&&&,H%,&&&&,H%,I&&&_%,H&&&&,%_%,H&&&,H%,%_&&&,H%,%+&&,I%,H%,&&&_%,H%,&&_%,H%,I&&&+%,%_&&&&&&&&&&&=1e&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&&PH&^(*&&&P&&&&&&&%&&&&&P`]]]&&&P`UOQ&&&P`UP]&&&P`SYS&&&&&&%&&&&&PP[`ZZ&&&PPc`[c&&&PQY`PZ&&&PP]`YQ&&&PQ[`cP&&&P]P`OO&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&&&&&&&&&NN&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&&&&NN&&&&]H&MVi&&&]&&&&&P`OPY&&&P`]]Y&&&P`U]Q&&&P`U]Y&&&P`S[Z&&&P]Q`[Y&&&PPZ`UZ&&&PPc`SS&&&PQY`cZ&&&PP]`PO&&&PP]`Oc&&&P]]`cc&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&jN&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&jN&&&&&&&&&&&&&&&&&N&&&&&&&&&&&&&&&&&&&&jN&&&&OH&HVH&&&O&&&&&P`OOO&&&P`]SY&&&P`UYY&&&P`UOO&&&P`SYY&&&P]Q`[U&&&PPY`c]&&&P]Q`PS&&&PPQ`Y[&&&PPS`UO&&&PQ[`[Y&&&P]]`cU&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&jN&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&N&&&&&&&&&&&&&&&&&&&&jN&&&&SH&HVH&&&S&&&&&P`OOc&&&P`]Pc&&&P`UP[&&&P`Sc[&&&P`SYc&&&P]O`ZZ&&&PP[`OP&&&PPc`Pc&&&PQc`]Z&&&PPU`ZO&&&PPQ`]c&&&P]]`UQ&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&N&&&&&&&&&&&&&&&&&&&&&&&&&jN&&&&&&&&&&&&&&&&&&&&&&&&&&&&&jN&&&&UH&RT.&&&U&&&&&P`OOc&&&P`]S[&&&P`UOZ&&&P`UO]&&&P`SZO&&&P]P`]c&&&PPY`]P&&&P]Q`YY&&&PQc`U[&&&PPP`YZ&&&PQc`UU&&&P]O`PO&&&&YH&HVH&&&Y&&&&&P`OSZ&&&P`]][&&&P`UQ[&&&P`USQ&&&P`SZZ&&&P]]`OO&&&PPZ`OO&&&PPc`cZ&&&PPQ`P]&&&PPS`PU&&&PP]`QQ&&&P]]`Y[&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&N&&&&&&&&&&&&&&&&&&&&&N&&&&ZH&V).&&&Z&&&&&P`O]Y&&&P`]SY&&&P`U][&&&P`UOQ&&&P`SSc&&&P]Q`QY&&&PPY`YP&&&P]Q`UQ&&&PPQ`UY&&&PQc`Uc&&&PPP`QP&&&P]]`[S&&&&[H&*R0&&&[&&&&&P`OOS&&&P`]Sc&&&P`UPQ&&&P`USQ&&&P`SO[&&&PPc`YZ&&&PPU`PU&&&PPc`[Y&&&PPP`][&&&PQO`YO&&&PPP`Sc&&&P]S`cY&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&N&&&&&&&&N&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&jNN&&&&&&&&&&&&&&&&&N&&&&&&&&&&
   	
    !
"!#$	
    !  
%&&''''()'*+,'''('''''-./01'''-.023'''-.220'''-.22('''-.4//'''-0/.56'''--1.43'''-0-.36'''-3(.//'''-36.00'''-3(.03'''-00.20'''''''''''''''''''''''''''''''''''''''&'''''''''''''''&''''''''&'''''''''''''''''''''''''''''''''''&''''''''&'''''''''''''''''''''&'''-3)'789''-3'''''-.//4'''-.0//'''-.223'''-.246'''-.420'''-0-.03'''--1.66'''--(.10'''---.2/'''--3.31'''---.20'''-0/.45'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''--)'789''--'''''-.//5'''-.043'''-.205'''-.2/6'''-.46/'''-0-.10'''--1.15'''-03.5-'''-36.-2'''--0.1-'''--0.36'''-00.10'''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&'''-0)':;<''-0'''''-.//0'''-.0/6'''-.203'''-.20-'''-.413'''--(.35'''--2.(5'''--(.(('''---.06'''-3(.65'''--/.-4'''-04.34''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''%&''''''''''''''''''''%&''',=>?@A=BCDBE=>?@A='F?>G?HI'JKE'215//65'B':LM?H')'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''NMI='//'BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB''''...................................................................................................................................'''',=>?@A=''BBBBBBBBBBBBB'''''OBBBBBBBBBB'PKH@'F=HIGL>'BBBBBBBBBBQ''''OBBBBBBBBBBBBBBBBBBBBBB'PKH@'MHIF=>'BBBBBBBBBBBBBBBBBBBBBBQ''RK.''*DS='<=T''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''UMV''':LM?H''''HK.'''':BR''''':BW''''':)B:'''':)B:P'''RB:)'''':BRB:)''':)B:BR''':)B:BW'':PB:)B:'''RB:)B:''RB:)B:P'''WB:BR'''''''''''@=X'BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB'''-/)'8Y9''-/'''''-.//4'''-.0//'''-.233'''-.203'''-.413'''-00./6'''--5./3'''--(.06'''-36.23'''--3.52'''---./0'''-0/./6'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''-4)')8)''-4'''''-.//6'''-.00/'''-.2/5'''-.241'''-.462'''-0-.-3'''--5.-/'''-03.(6'''--3.14'''--3./4'''---.14'''-0-.6('''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''-2)'*;,''-2'''''-./01'''-.004'''-.200'''-.4(2'''-.426'''-03.06'''--1./5'''-03.36'''-3(.--'''--0.46'''--3.5-'''-0/.22''''''''''''''''''''''''''''''''''''''''''''''%&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&'''-1)'N+Y''-1'''''-.//4'''-.0/0'''-.20-'''-.205'''-.420'''-0-.52'''--5.2('''--(./1'''--3.--'''--0.44'''---.//'''-0/.32'''-5)'78;''-5'''''-.//('''-.0--'''-.20/'''''B'''''-.45-'''-00.01'''--1.5-'''-03.(6''''''B'''''---.3/''''''B'''''-00./3'''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''-6)'Z)8''-6'''''-./01'''-.04/'''-.204'''-.251'''-.422'''-0-.06'''--4.5('''-00.32'''--0.35'''--3.62'''---.2-'''-0/.-2'''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&'''-()'<Y,''-('''''-./01'''-.0/1'''-.235'''-.2/3'''-.44-'''-03.0/'''--4.2-'''-0-.0('''--3.30'''--3.-('''--0.33'''-04.-1'''03)'789''03'''''-./04'''-.0/-'''-.205'''-.20/'''-.4/1'''-0-.10'''--5.42'''-03.4('''-36.2('''--/.54'''-3(.12'''-00.30'''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''0-)'*+,''0-'''''-./0('''-.0//'''-.2-4'''-.241'''-.425'''--6.(6'''--5.14'''--(.35'''--3.6('''--0.--'''--/./2'''-0/./3'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&'''''''''''''''''&''''''''''''''''''''''''''&''''''''''''''''''''%&'''00)'*+,''00'''''-.///'''-.0/4'''-.2/0'''-.24-'''-.410'''-03.42'''--1.-1'''-0-.3('''-36.23'''--/.54'''--0.35'''-00.54'''0/)'78;''0/'''''-.//0'''-.04-'''-.20-'''''B'''''-.413'''-03.56'''--1.3/'''-0-.32''''''B'''''---.43''''''B'''''-00.6('''04)'8Y9''04'''''-./01'''-.0/6'''-.2/4'''-.2//'''-.411'''-0-.45'''--2.23'''-0-.4('''-3(.24'''--4.26'''--3.(3'''-0/.30''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&'''02)'*+,''02'''''-./05'''-.0/('''-.200'''-.2/4'''-.454'''-03.1-'''--5.40'''-03.-6'''--3.61'''-36.(4'''--/.0('''-00./4'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''&'''01)'N,W''01'''''-./4-'''-.0/2'''-.20-'''-.2/0'''-.426'''--4.1('''--5.-/'''--(.(/'''--0./1'''--3.61'''-3/.00'''-00.(0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''%&'''05)')<N''05'''''-.///'''-.0//'''-.246'''-.20/'''-.425'''--(.41'''--1.43'''-03.1-'''-3(.60'''---.6('''--0.3-'''-00.(2'''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''06)'78R''06'''''-./06'''-.00-'''-.2-0'''-.205'''-.442'''-0-.02'''--1.62'''--(.10'''---.10'''-36./3'''--0.30'''-0/.42''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&'''0()'Z)8''0('''''-./0('''-.0/3'''-.2-5'''-.2/('''-.423'''-0-.55'''--1.22'''-03.24'''---.(4'''--3.21'''--0.2-'''-00.(3'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&'''/3)'8;<''/3'''''-./04'''-.000'''-.243'''-.2/2'''-.453'''-0-.41'''--5.02'''-03.3/'''--3.1('''--/.43'''-3(.60'''-00.5-'''/-)'),7''/-'''''-.///'''-.0/3'''-.222'''-.2/3'''-.422'''-0-.(/'''--5./3'''--(.24'''---.10'''--0.41'''--3.46'''-0/.-2'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''/0)')<R''/0'''''-./40'''-.0/0'''-.2/2'''-.243'''-.410'''-0/.42'''--1.40'''-03.2/'''-3(.03'''--3.22'''---.34'''-0/.34'''//)'8Y9''//'''''-./06'''-.005'''-.203'''-.200'''-.426'''-00.2-'''--2.1-'''-0-.20'''--3.-1'''--3.(6'''-3(.34'''-00.6/'''/4)'789''/4'''''-./00'''-.0/3'''-.2/6'''-.2/2'''-.441'''-03.6('''--6.//'''--(.56'''--3.01'''--/.25'''--3.23'''-0-.66'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''/2)'8;<''/2'''''-./0('''-.004'''-.2/2'''-.20/'''-.423'''--(.(1'''--1.24'''-03.0('''---.4('''--3.41'''--3.56'''-0/.31'''/1)'*;,''/1'''''-.//-'''-.00/'''-.203'''-.202'''-.412'''-0-.(5'''--5.42'''--(.11'''-3(.-1'''--4.(6'''--3.16'''-00.6(''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&'''/5)'78;''/5'''''-./06'''-.006'''-.2-/'''''B'''''-.413'''-0-.-4'''--5.//'''-03.35''''''B'''''-3(.66''''''B'''''-00.2('''/6)'8Y9''/6'''''-.//2'''-.001'''-.22-'''-.243'''-.426'''-0-./4'''--5.36'''--(.65'''---.36'''--3.1('''--3.-2'''-0/.30'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''/()')<R''/('''''-.//('''-.04-'''-.2-('''-.245'''-.410'''-00.53'''--4.25'''-00.-6'''--0.6-'''-3(.0-'''--3.50'''-0/.0-'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&'
   	
    !
"!#$	
    ! 
%%&'(%)*+%%&'%%%%%,-./0%%%,-/./%%%,-1/,%%%,-1.,%%%,-&0'%%%,/,-.&%%%,,1-.,%%%,/,-.2%%%,'3-.2%%%,,/-,3%%%,,,-'0%%%,/.-.,%%%&,(%*4+%%&,%%%%%,-./5%%%,-//5%%%,-1,/%%%,-1.,%%%,-&13%%%,//-&0%%%,,5-15%%%,,3-.1%%%,,'-,0%%%,'2-21%%%,,'-'&%%%,/.-'2%%%&/(%678%%&/%%%%%,-.&2%%%,-/.&%%%,-1/2%%%,-1&/%%%,-&0/%%%,,3-0.%%%,,1-2,%%%,/'-52%%%,,,-..%%%,,/-/3%%%,'&-,'%%%,/.-.3%%%&.(%(*(%%&.%%%%%,-./2%%%,-/.&%%%,-1./%%%,-1/2%%%,-&13%%%,/,-35%%%,,0-10%%%,/'-31%%%,,,-'/%%%,,'-.&%%%,,'-.5%%%,//-&2%%%&&(%)*+%%&&%%%%%,-./1%%%,-/.2%%%,-1&'%%%,-1/,%%%,-&0&%%%,/'-5,%%%,,0-,/%%%,/'-2.%%%,'3-0'%%%,,,-32%%%,,'-.5%%%,/.-'&%%%&1(%)*+%%&1%%%%%,-..&%%%,-/.&%%%,-1&,%%%,-1&.%%%,-&5/%%%,//-,,%%%,,5-,,%%%,/'-1,%%%,'3-0/%%%,,'-1&%%%,,'-3,%%%,//-.0%%%&0(%)*9%%&0%%%%%,-..,%%%,-/.&%%%,-1//%%%%%:%%%%%,-&0,%%%,/'-5.%%%,,0-0&%%%,/'-12%%%%%%:%%%%%,'3-.&%%%%%%:%%%%%,//-50%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%&5(%*9<%%&5%%%%%,-..'%%%,-/&,%%%,-1.2%%%,-1.,%%%,-&0'%%%,/,-&3%%%,,0-'5%%%,/'-1,%%%,,,-31%%%,'3-&0%%%,,'-12%%%,/.-&/%%%7=>?@A=:BC:D=>?@A=%E?>F?GH%IJD%105..25%:%KLM?G%(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6MH=%.&%::::::::::::::::::::::::::::::::::::::::%%%%-----------------------------------------------------------------------------------------------------------------------------------%%%%7=>?@A=%%:::::::::::::%%%%%N::::::::::%OJG@%E=GHFL>%::::::::::P%%%%N::::::::::::::::::::::%OJG@%MGHE=>%::::::::::::::::::::::P%%QJ-%%RCS=%<=T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%UMV%%%KLM?G%%%%GJ-%%%%K:Q%%%%%K:8%%%%%K(:K%%%%K(:KO%%%Q:K(%%%%K:Q:K(%%%K(:K:Q%%%K(:K:8%%KO:K(:K%%%Q:K(:K%%Q:K(:KO%%%8:K:Q%%%%%%%%%%%@=W%:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::%%%&2(%RX7%%&2%%%%%,-..3%%%,-//3%%%,-1.&%%%,-1&,%%%,-&21%%%,/.-0.%%%,,0-,,%%%,/'-00%%%,'3-'2%%%,,&-32%%%,,'-25%%%,/.-//%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%&3(%*4+%%&3%%%%%,-..&%%%,-//1%%%,-1/&%%%,-1.0%%%,-&01%%%,/.-'5%%%,,0-&5%%%,/'-1/%%%,,'-&.%%%,,,-11%%%,,'-0&%%%,/.-',%%%1'(%R76%%1'%%%%%,-./5%%%,-/./%%%,-1/5%%%,-1.,%%%,-&11%%%,/,-0,%%%,,0-10%%%,/'-,.%%%,,,-&,%%%,,'-1,%%%,,,-''%%%,/.-/3%%%1,(%)*+%%1,%%%%%,-..1%%%,-/.'%%%,-1.'%%%,-1.&%%%,-&01%%%,//-.&%%%,,0-1.%%%,/'-,.%%%,'3-02%%%,,/-'2%%%,,'-3/%%%,/.-.&%%%1/(%*4+%%1/%%%%%,-../%%%,-/.&%%%,-1/1%%%,-1/2%%%,-&0,%%%,//-15%%%,,0-30%%%,/'-,&%%%,'3-1&%%%,,.-1&%%%,,'-5/%%%,//-23%%%1.(%Y(*%%1.%%%%%,-..'%%%,-//&%%%,-1.,%%%,-10,%%%,-&05%%%,/,-/3%%%,,0-0,%%%,/'-,5%%%,,,-2,%%%,'3-&0%%%,,/-'2%%%,/.-,3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%1&(%Z*4%%1&%%%%%,-..&%%%,-/.1%%%,-1&'%%%,-10/%%%,-&5'%%%,/.-'5%%%,,5-,0%%%,/'-'&%%%,,'-3&%%%,,.-11%%%,,,-.'%%%,//-2'%%%11(%)*+%%11%%%%%,-..1%%%,-/.2%%%,-1/1%%%,-1.,%%%,-&5&%%%,/,-32%%%,,0-&/%%%,/'-&1%%%,'2-2'%%%,,,-22%%%,,/-',%%%,/.-,.%%%10(%)*Q%%10%%%%%,-../%%%,-/./%%%,-1..%%%,-1.2%%%,-&0,%%%,/'-0,%%%,,0-.,%%%,/'-/0%%%,,,-'/%%%,,'-..%%%,,,-2'%%%,/.-.3%%%15(%6X4%%15%%%%%,-..&%%%,-/.'%%%,-1.0%%%,-1&&%%%,-&0.%%%,/.-/&%%%,,5-22%%%,,2-2&%%%,,/-20%%%,,&-03%%%,,'-&/%%%,/.-/2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%;%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%12(%)*+%%12%%%%%,-..3%%%,-/.,%%%,-1&/%%%,-1&5%%%,-&12%%%,//-3.%%%,,5-/.%%%,,2-32%%%,,/-2,%%%,,/-13%%%,'3-'1%%%,/.-53%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%13(%(<6%%13%%%%%,-.&.%%%,-/.'%%%,-1.0%%%,-11,%%%,-&03%%%,/&-5.%%%,,5-'1%%%,/'-/.%%%,'3-51%%%,,,-/.%%%,,&-3'%%%,//-5,%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[;;%%%%%%%%%%%%%%%%%%%[;;%%%0'(%*4+%%0'%%%%%,-./0%%%,-//1%%%,-1&/%%%,-1/2%%%,-&1.%%%,//-.,%%%,,0-5,%%%,/'-2'%%%,,'-'3%%%,,.-/1%%%,'2-2'%%%,//-&3%%%0,(%*4+%%0,%%%%%,-./2%%%,-/.3%%%,-1/,%%%,-1.&%%%,-&&3%%%,/,-..%%%,,0-&0%%%,/'-2&%%%,,'-2.%%%,,,-&5%%%,,,-/2%%%,//-5'%%%0/(%Y(*%%0/%%%%%,-..'%%%,-//3%%%,-1/3%%%,-15'%%%,-&0/%%%,,2-31%%%,,0-00%%%,,3-55%%%,,/-20%%%,'3-3&%%%,,&-&.%%%,/.-10%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%%%%%%%[;%%%0.(%(7)%%0.%%%%%,-..5%%%,-//3%%%,-1/2%%%,-1&&%%%,-&5,%%%,//-&&%%%,,0-,.%%%,/'-5.%%%,,'-5.%%%,'3-1&%%%,,/-,&%%%,/.-,&%%%0&(%Z*4%%0&%%%%%,-./3%%%,-//1%%%,-1.0%%%,-1&3%%%,-&0,%%%,//-,/%%%,,0-01%%%,/'-1.%%%,,'-/,%%%,'3-50%%%,,,-55%%%,//-2,%%%01(%*4+%%01%%%%%,-...%%%,-//,%%%,-1,,%%%,-1/&%%%,-&05%%%,/,-.3%%%,,0-52%%%,,3-3'%%%,'2-3&%%%,,,-32%%%,,,-31%%%,/.-./%%%00(%*4+%%00%%%%%,-./2%%%,-/./%%%,-1/,%%%,-1.'%%%,-&1,%%%,/,-.0%%%,,0-2,%%%,/'-&&%%%,,'-.5%%%,,'-'2%%%,,,-'2%%%,//-5&%%%05(%*4+%%05%%%%%,-./3%%%,-/.,%%%,-1,.%%%,-1/'%%%,-&&2%%%,/'-'0%%%,,1-'1%%%,/,-&&%%%,'3-3,%%%,'2-32%%%,,'-5,%%%,/.-1,%%%02(%(*(%%02%%%%%,-./1%%%,-//1%%%,-1/0%%%,-1.,%%%,-&&3%%%,/,-52%%%,,0-0,%%%,/'-.0%%%,,,-/2%%%,,'-30%%%,,'-&3%%%,/.-'.%%%03(%(*(%%03%%%%%,-..,%%%,-/.'%%%,-1/.%%%,-1'&%%%,-&1/%%%,/,-1/%%%,,0-'3%%%,/'-0/%%%,,'-10%%%,,'-.&%%%,,'-0.%%%,/.-/2%%%5'(%K9<%%5'%%%%%,-./2%%%,-/.,%%%,-1,/%%%,-1,3%%%,-&11%%%,/,-2&%%%,,0-2'%%%,/'-'5%%%,,'-/.%%%,,,-0/%%%,,'-1,%%%,/.-,/%%%5,(%Z*4%%5,%%%%%,-../%%%,-//1%%%,-1.'%%%,-1&2%%%,-&0&%%%,/'-&'%%%,,0-22%%%,/'-/'%%%,,,-.2%%%,'3-00%%%,,/-3,%%%,//-22%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%5/(%<47%%5/%%%%%,-..'%%%,-//0%%%,-1,1%%%,-1,0%%%,-&1&%%%,/,-0&%%%,,0-3.%%%,,3-31%%%,'5-31%%%,,.-,&%%%,,,-,5%%%,/.-'3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%5.(%6X4%%5.%%%%%,-./3%%%,-//3%%%,-1,3%%%,-1.0%%%,-&1/%%%,/,-,2%%%,,0-1/%%%,/'-,5%%%,,/-/1%%%,'2-10%%%,,'-21%%%,/.-/5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%5&(%Y(*%%5&%%%%%,-../%%%,-/./%%%,-1.,%%%,-112%%%,-&05%%%,//-.,%%%,,0-1'%%%,/'-01%%%,,/-'0%%%,,,-5.%%%,,,-0/%%%,//-21%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%51(%*4+%%51%%%%%,-./2%%%,-//3%%%,-1.,%%%,-1.,%%%,-&15%%%,/,-,1%%%,,5-1&%%%,,3-3,%%%,,,-0&%%%,,/-,.%%%,,,-/'%%%,//-1&%%%50(%(*(%%50%%%%%,-../%%%,-/./%%%,-1.,%%%,-1,1%%%,-&0,%%%,/,-/'%%%,,0-./%%%,/'-.2%%%,,'-2,%%%,,,-'1%%%,,'-21%%%,/.-.'%%%55(%R76%%55%%%%%,-..1%%%,-/./%%%,-1&&%%%,-1&.%%%,-&00%%%,//-23%%%,,5-/5%%%,,3-31%%%,,,-23%%%,,'-&3%%%,,'-0'%%%,//-55%%%52(%6X4%%52%%%%%,-..5%%%,-/.1%%%,-1&,%%%,-1&1%%%,-&5&%%%,/.-'3%%%,,0-00%%%,/'-.0%%%,,'-2&%%%,,/-,0%%%,,'-./%%%,//-32%%%53(%)*+%%53%%%%%,-..3%%%,-/&.%%%,-11'%%%,-1/3%%%,-&5.%%%,//-05%%%,,0-/,%%%,/'-.2%%%,,'-'0%%%,,1-.&%%%,'3-3/%%%,/.-&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%2'(%)*+%%2'%%%%%,-.&0%%%,-/&'%%%,-112%%%,-1.5%%%,-&3,%%%,/&-'2%%%,,1-&/%%%,/,-&3%%%,,'-&2%%%,,5-/.%%%,,,-&&%%%,/.-'3%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%[;%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%2,(%)*9%%2,%%%%%,-../%%%,-/.5%%%,-1,2%%%%%:%%%%%,-&0.%%%,/.-3,%%%,,0-2/%%%,/'-/2%%%%%%:%%%%%,'0-/&%%%%%%:%%%%%,//-3'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;%%%2/(%)*+%%2/%%%%%,-../%%%,-/.3%%%,-1&.%%%,-1&5%%%,-&5/%%%,/,-11%%%,,0-2'%%%,/'-'/%%%,,,-11%%%,,&-,&%%%,,,-1'%%%,/.-,5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%2.(%)*+%%2.%%%%%,-..2%%%,-/.5%%%,-1.2%%%,-1&'%%%,-&51%%%,/.-'2%%%,,0-,/%%%,/'-&.%%%,,'-0'%%%,,,-,5%%%,,,-'5%%%,/.-&1%%%2&(%RX7%%2&%%%%%,-..3%%%,-/&/%%%,-1&0%%%,-12/%%%,-&22%%%,/.-00%%%,,0-&,%%%,/'-0.%%%,,,-'2%%%,,&-3&%%%,,/-/,%%%,//-30%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[;%%%%%%[;%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    ! %
&'((()*+(,-.(()*(((((/0112(((/0311(((/0*1/(((/0*)*(((/0245(((/33061(((//4011(((//7077(((///04/(((///0*2(((//30*7(((/31042((((((((((((((((((((((((((((((((((((((((((((((&'((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((&'(((89:;<=9>?@>A9:;<=9(B;:C;DE(FGA(*4511)5(>(HIJ;D(+(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((KJE9(1*(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>((((00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000((((89:;<=9((>>>>>>>>>>>>>(((((L>>>>>>>>>>(MGD<(B9DECI:(>>>>>>>>>>N((((L>>>>>>>>>>>>>>>>>>>>>>(MGD<(JDEB9:(>>>>>>>>>>>>>>>>>>>>>>N((OG0((P@Q9(R9S((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((TJU(((HIJ;D((((DG0((((H>O(((((H>V(((((H+>H((((H+>HM(((O>H+((((H>O>H+(((H+>H>O(((H+>H>V((HM>H+>H(((O>H+>H((O>H+>HM(((V>H>O(((((((((((<9W(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>((()4+(PX8(()4(((((/0115(((/0315(((/0**/(((/0*5*(((/025/(((/310/4(((//5011(((/36066(((///051(((//2075(((///013(((/33044((((((((((((((((((((((((((((((((((((((('((((((('((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((((((((((((((((((((((((('((()5+(+-+(()5(((((/011)(((/0311(((/0*1*(((/0*1/(((/0253(((/33037(((//40*1(((/3605/(((//602)(((//20/3(((//6042(((/3305*(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((('((())+(KX.(())(((((/0137(((/031*(((/0*34(((/0*1/(((/02*)(((/3/047(((//*0)4(((/360*1(((//30/*(((//2031(((//603/(((/31046((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((((((((((((((((((((((((('((()7+(Y+-(()7(((((/0113(((/0316(((/0*34(((/0**5(((/02*7(((/310/1(((//*0)/(((/3605)(((//60*7(((/67071(((///01/(((/31026(((76+(Z-[((76(((((/0137(((/0315(((/0*21(((/0*34(((/02*5(((/33056(((//507)(((//7012(((///05)(((//1077(((/6702*(((/3304)(((7/+(K8V((7/(((((/01*5(((/033)(((/0*3*(((/0*37(((/024/(((/3606*(((//5022(((//7022(((//601)(((//2017(((/6101)(((/310/3(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((('(((73+(KX.((73(((((/011/(((/0337(((/0*13(((/0*12(((/0246(((/3/03/(((//402)(((/3603)(((//6054(((//60)5(((//60)5(((/31032(((71+(Y+-((71(((((/0112(((/0326(((/0*17(((/0***(((/024)(((/3307*(((//*014(((/3/061(((/6)052(((//306*(((///025(((/3104/(((72+(,-.((72(((((/0113(((/0337(((/0*/5(((/0*1/(((/02*)(((/310*)(((//*03)(((/360*5(((/67062(((//6033(((//6027(((/320/*(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((7*+(-.[((7*(((((/011/(((/0315(((/0*1/(((/0*11(((/02*1(((/32021(((//*045(((/36054(((//602)(((/67072(((/6)02*(((/310**(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((&'(((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((&'(((74+(-.[((74(((((/0112(((/031*(((/0*35(((/0*1/(((/02*7(((/3106*(((//4035(((/360*2(((//60)4(((//306/(((//60*/(((/310/7(((75+(,-.((75(((((/0137(((/033)(((/0*35(((/0*22(((/02*5(((/3/04)(((//4012(((/360)6(((///0/4(((//601*(((//60)*(((/330)*(((7)+(-.[((7)(((((/0137(((/0334(((/0*35(((/0*16(((/0227(((/3/066(((//5044(((//704*(((//3064(((///064(((//60)3(((/33042((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((('(((77+(,-.((77(((((/0111(((/0316(((/0*14(((/0**1(((/025*(((/3/03)(((//501*(((//707/(((///063(((//2062(((//101/(((/33051(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('((((((((((((((((((((('((/66+(+-+(/66(((((/0113(((/0312(((/0*1/(((/0*37(((/0247(((/33061(((//*047(((/360)6(((//60)3(((//60*2(((//60)2(((/310*/((/6/+(+RO(/6/(((((/0111(((/0317(((/0*1/(((/0*14(((/0246(((/3105*(((//*056(((/3/03*(((//6034(((///022(((/670/6(((/3106*(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((/63+(+-+(/63(((((/0116(((/0335(((/0*32(((/0*/3(((/02*6(((/3/0)6(((//5036(((//707)(((///06/(((///0*5(((//6023(((/330)3((/61+(,-.(/61(((((/011/(((/0311(((/0*37(((/0**/(((/024/(((/3/043(((//40/*(((/3601)(((///0/1(((/670)*(((///071(((/3102*((/62+(Y+-(/62(((((/011/(((/0312(((/0*1*(((/0*21(((/02*)(((/33026(((//50*6(((/36064(((//60)6(((//1061(((///053(((/33022((/6*+(Z-\(/6*(((((/0111(((/0314(((/0*32(((((>(((((/024)(((/3/026(((//*06/(((/3/0/)((((((>(((((//3023((((((>(((((/310)6((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((/64+(Y+-(/64(((((/0111(((/0311(((/0*2/(((/0**/(((/024*(((/32052(((//5031(((//70)/(((///034(((//103)(((/670*/(((/33074(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((&'(((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((&'((/65+(P8K(/65(((((/0114(((/031*(((/0*/7(((/0*1)(((/0251(((/3101*(((//20)3(((/3/03)(((/67014(((//6073(((//6025(((/31076((/6)+(Z-O(/6)(((((/0137(((/0337(((/0*36(((/0*33(((/02*2(((/310/1(((//4051(((//7071(((//6051(((//1034(((/67046(((/31011((/67+(Z-[(/67(((((/0113(((/033)(((/0*11(((/0*37(((/024/(((/3/042(((//)0))(((//)0)3(((///0*5(((//*02)(((///011(((/33037((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('((((((((((((((((&'(((((((((((((((((((((((((((((&'((//6+(+8Z(//6(((((/0117(((/031*(((/0*13(((/0**6(((/02)5(((/3/065(((//*07*(((/36025(((//6054(((//60*/(((//1066(((/310*5((((((((((((((((((((((((((((((((((((((((((((((('((((((&'((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((&'((///+(+RO(///(((((/0111(((/0316(((/0*1)(((/0*21(((/0243(((/330)*(((//)0)6(((//)0*)(((///047(((//3056(((/6)01/(((/33043((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((((((((((((((((((((('((((((((((((((((((((('((//3+(+-+(//3(((((/0123(((/0313(((/0*15(((/0*14(((/0246(((/3305/(((//4043(((//702*(((//601/(((//60)7(((/6707*(((/310))((//1+(Z-[(//1(((((/011)(((/0311(((/0*17(((/0*23(((/0243(((/31025(((//506*(((//70*1(((//601/(((/67012(((/67045(((/31026((//2+(+RO(//2(((((/0114(((/033)(((/0*1/(((/0**1(((/02*)(((/31026(((//205*(((/36076(((///0*2(((/6)0*4(((/670)2(((/32013((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((//*+(+-+(//*(((((/0112(((/0337(((/0*/4(((/0*/6(((/02*4(((/32065(((//*027(((/36023(((//60**(((//3037(((/67056(((/3206)(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((//4+(,-.(//4(((((/0116(((/0312(((/0*17(((/0**4(((/0251(((/330))(((//40*6(((/36051(((//3043(((//30*)(((//60)2(((/33053((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((&'((((((((((((((((((((((((((((((((((((((&'((//5+(Z-[(//5(((((/0116(((/03/*(((/0*/*(((/0*14(((/0246(((/3/043(((//)065(((//7047(((/670*1(((//106/(((///04*(((/3303*((//)+(+-+(//)(((((/0134(((/031*(((/0*2/(((/0*31(((/0244(((/3601)(((//402*(((/360//(((//6077(((//30)*(((//6041(((/3102*((//7+(-.[(//7(((((/0115(((/0335(((/0*/1(((/0*13(((/0247(((/330)7(((//403/(((//70)7(((/65075(((///02*(((///04*(((/31076((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((('((/36+(-\R(/36(((((/011*(((/033)(((/0*/)(((/0*12(((/024*(((/31067(((//*07/(((/36047(((///077(((//101/(((///035(((/31015((/3/+(Z-[(/3/(((((/0134(((/0312(((/0*17(((/0*13(((/02*7(((/330*2(((//4037(((/3/063(((///06/(((//60*2(((/6)023(((/33047(
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%%'()*+,(-./-0()*+,(%1*)2*34%560%789::;9%-%<=>*3%?%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%@>4(%:8%----------------------------------------%%%%AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA%%%%'()*+,(%%-------------%%%%%B----------%C63+%1(342=)%----------D%%%%B----------------------%C63+%>341()%----------------------D%%E6A%%F/G(%H(I%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%J>K%%%<=>*3%%%%36A%%%%<-E%%%%%<-L%%%%%<?-<%%%%<?-<C%%%E-<?%%%%<-E-<?%%%<?-<-E%%%<?-<-L%%<C-<?-<%%%E-<?-<%%E-<?-<C%%%L-<-E%%%%%%%%%%%+(M%-----------------------------------------------------------------------------------------------------------------------------------%%NOO?%FP'%NOO%%%%%NA:::%%%NAON9%%%NA7N9%%%NA7:Q%%%NAR8N%%%NONA:N%%%NN9A8Q%%%NNSA8S%%%NNNAQ7%%%NN7AQ;%%%NNNANO%%%NOOA9Q%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NO:?%TUV%NO:%%%%%NA:OS%%%NAO::%%%NA7:R%%%NA7R:%%%NAR9O%%%NOQA7;%%%NN9AQQ%%%NOQAO;%%%NNOAON%%%NNNAOO%%%NN:AS8%%%NOOA87%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%&&%%NOR?%@'L%NOR%%%%%NA:R:%%%NAO:R%%%NA7OR%%%NA7OS%%%NAR7;%%%NOQARO%%%NN9A79%%%NNSASO%%%NNNA:7%%%NQ;ASQ%%%NQ:ANN%%%NOOA7Q%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NO7?%TUV%NO7%%%%%NA:O7%%%NAO:R%%%NA7O7%%%NA7:N%%%NARR;%%%NNSA8S%%%NN8AO9%%%NOQAOO%%%NNQA7:%%%NNQANQ%%%NNNAQ:%%%NO:A7Q%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NO8?%JWF%NO8%%%%%NA::8%%%NAOOS%%%NA7N7%%%NA7:8%%%NAR79%%%NONA9;%%%NN7AQQ%%%NONA:N%%%NQ;AN;%%%NN:AOR%%%NQSA;8%%%NO:A8;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NO9?%TUP%NO9%%%%%NA:OR%%%NAORR%%%NA7N;%%%%%-%%%%%NARR:%%%NO:A:9%%%NN7AO8%%%NONAO:%%%%%%-%%%%%NQ;A7N%%%%%%-%%%%%NO:AR;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%NO;?%UPH%NO;%%%%%NA:O;%%%NAO::%%%NA7OR%%%NA7OR%%%NAR:R%%%NOOA;:%%%NN8ARQ%%%NOQAOQ%%%NNQAO8%%%NNQA;7%%%NQ;A77%%%NO:ARQ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%NOS?%Y?U%NOS%%%%%NA:RN%%%NAORQ%%%NA7R;%%%NA77:%%%NAR9:%%%NOOA9Q%%%NN8AQ7%%%NONAO7%%%NQ;A9;%%%NN:A;7%%%NNOA:7%%%NOOA8;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%N:Q?%FP'%N:Q%%%%%NA::Q%%%NAO:;%%%NA7RO%%%NA7RR%%%NARRS%%%NOOA8N%%%NN7A8N%%%NOQA97%%%NNNANO%%%NQ9AOS%%%NNNA;7%%%NO:A8O%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%N:N?%?'T%N:N%%%%%NA::R%%%NAO:8%%%NA7R8%%%NA7:R%%%NAR8Q%%%NO:A7N%%%NN8ANO%%%NOQA78%%%NNNA89%%%NNQAS9%%%NNQA:N%%%NO:A:O%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%N:O?%?U?%N:O%%%%%NA:::%%%NAOO:%%%NA7RN%%%NA7::%%%NAR9R%%%NO:A;S%%%NN9ARR%%%NOQAQO%%%NNQAQ7%%%NN8A8Q%%%NQSASO%%%NOOA7:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%N::?%?H@%N::%%%%%NA::Q%%%NAO::%%%NA7RQ%%%NA7RS%%%NAR8R%%%NOOA:9%%%NN9AS7%%%NNSA:R%%%NNNAQO%%%NN7A8S%%%NNNA8;%%%NOOA9N%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%N:R?%?'T%N:R%%%%%NA::S%%%NAO:R%%%NA7:Q%%%NA7:7%%%NAR99%%%NO:AN;%%%NN8A8N%%%NONAQ7%%%NNQAQ;%%%NNNA89%%%NNNAR8%%%NOOA::%%N:7?%UPH%N:7%%%%%NA:O8%%%NAOO7%%%NA7O8%%%NA7:N%%%NAR7S%%%NOQA;Q%%%NN8AO;%%%NOQAR9%%%NNQA9Q%%%NNOAOO%%%NQSA;7%%%NO:AO7%%N:8?%HW'%N:8%%%%%NA:OS%%%NAO:S%%%NA7:N%%%NA7:8%%%NAR7;%%%NONASQ%%%NN7A;S%%%NOQA8S%%%NNNANQ%%%NNNAO9%%%NNQA99%%%NO:ARO%%N:9?%Y?U%N:9%%%%%NA::O%%%NAOOR%%%NA7O:%%%NA79R%%%NAR9O%%%NOOARO%%%NN9AN:%%%NNSASN%%%NNNA9N%%%NQSASS%%%NNNAS9%%%NOOAS7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%N:;?%TUE%N:;%%%%%NA:::%%%NAO:7%%%NA7O;%%%NA7:;%%%NAR8S%%%NONANQ%%%NN7AS9%%%NOQAS7%%%NNNA7O%%%NNRA98%%%NNOARS%%%NO:AQ;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%N:S?%?'T%N:S%%%%%NA:::%%%NAOO;%%%NA7N8%%%NA7R:%%%NAR7N%%%NOQA97%%%NN7AO;%%%NOQA89%%%NN:A;O%%%NNQA:9%%%NN:AO8%%%NO:ASS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%X&%%NRQ?%ZUW%NRQ%%%%%NA::N%%%NAO:;%%%NA7O8%%%NA77N%%%NAR78%%%NONA;S%%%NN7A:Q%%%NONARN%%%NQSARS%%%NNOA:R%%%NNOASR%%%NO:AO;%%NRN?%UPH%NRN%%%%%NA:O7%%%NAO7O%%%NA7ON%%%NA7::%%%NAR:S%%%NONAO:%%%NN7AQ:%%%NOQA;:%%%NNQA87%%%NQSA:9%%%NNNAN8%%%NORAN7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NRO?%?U?%NRO%%%%%NA::O%%%NAOOO%%%NA7Q:%%%NA7NN%%%NAR7Q%%%NOOA9R%%%NN8AQQ%%%NOQAN8%%%NQSA88%%%NNNA87%%%NNQA87%%%NO:A;R%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NR:?%?'T%NR:%%%%%NA:O8%%%NAORS%%%NA7RO%%%NA7:7%%%NAR7O%%%NOOANO%%%NN9AN:%%%NOQAQS%%%NNNA8O%%%NN7A9Q%%%NNQA:S%%%NOOA99%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%NRR?%?H@%NRR%%%%%NA:::%%%NAO:8%%%NA7:;%%%NA7NS%%%NAR9;%%%NONAR:%%%NN8A7;%%%NOQAO9%%%NNQAN7%%%NNRAQO%%%NNQA9:%%%NO:ANR%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NR7?%ZUW%NR7%%%%%NA::O%%%NAO7:%%%NA78O%%%NA7Q;%%%NARR7%%%NOQA;8%%%NN8AO:%%%NONA7;%%%NNQAR9%%%NNQA;:%%%NQSA:N%%%NOOANS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%X&%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%X&%%NR8?%Y?U%NR8%%%%%NA:O7%%%NAO:;%%%NA7OQ%%%NA78O%%%NARRS%%%NONA;:%%%NN8A8;%%%NOQA;R%%%NQ9AOS%%%NQSA:O%%%NQSASQ%%%NOOA:8%%NR9?%@'L%NR9%%%%%NA::7%%%NAOO7%%%NA7OS%%%NA7:7%%%NAR8S%%%NONA;S%%%NN;AR:%%%NN;AS9%%%NNQAQN%%%NQSA8:%%%NQOA8N%%%NOOA8Q%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%NR;?%TUP%NR;%%%%%NA::Q%%%NAO:7%%%NA7O;%%%%%-%%%%%NAR:9%%%NNSA8O%%%NN9A7:%%%NNSA;7%%%%%%-%%%%%NNNARO%%%%%%-%%%%%NOOA8O%%NRS?%?H@%NRS%%%%%NA:RQ%%%NAOO9%%%NA7:O%%%NA7:S%%%NARSO%%%NOQASO%%%NN7A;R%%%NONA7S%%%NQ9A7R%%%NNRAQ8%%%NNOAON%%%NOOA79%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%X&%%N7Q?%ZUW%N7Q%%%%%NA:O7%%%NAOO9%%%NA7QO%%%NA7RN%%%NAR:R%%%NOQA7O%%%NN9AO;%%%NNSA8O%%%NNNAR;%%%NQ8AN7%%%NNQA8O%%%NO:AQ;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%X&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    ! 
%&''()(*'+*,'()('''''(-./0'''(-/1.'''(-100'''(-))0'''(-1).'''((0-23'''((1-/0'''(/(-4('''(45-/.'''((4-)2'''((1-10'''(/1-34'''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''%&''''''''&'''''''''''%&'''6789:;7<=><?789:;7'@98A9BC'DE?')23..53'<'FGH9B'*'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''IHC7'.3'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<''''-----------------------------------------------------------------------------------------------------------------------------------''''6789:;7''<<<<<<<<<<<<<'''''J<<<<<<<<<<'KEB:'@7BCAG8'<<<<<<<<<<L''''J<<<<<<<<<<<<<<<<<<<<<<'KEB:'HBC@78'<<<<<<<<<<<<<<<<<<<<<<L''ME-''N>O7'P7Q''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''RHS'''FGH9B''''BE-''''F<M'''''F<T'''''F*<F''''F*<FK'''M<F*''''F<M<F*'''F*<F<M'''F*<F<T''FK<F*<F'''M<F*<F''M<F*<FK'''T<F<M''''''''''':7U'<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<''()/*'V,W'()/'''''(-../'''(-/.4'''(-)42'''(-).)'''(-1).'''(//-53'''((2-.3'''((0-31'''(45-0)'''(43-3('''(40-5)'''(/.-55''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''().*'+*,'().'''''(-../'''(-/)4'''(-))('''(-)22'''(-1)5'''(/(-13'''(()-)0'''(/(-)2'''(40-(3'''((/-5/'''((/-41'''(//-5)'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''()1*'*,*'()1'''''(-./2'''(-//0'''(-)/.'''(-).)'''(-1)/'''(/(-1('''(()-)0'''(/4-.('''(((-43'''(((-//'''((4-0('''(/1-40''())*'+*,'())'''''(-..1'''(-/(5'''(-)/0'''(-))4'''(-121'''(/1-.2'''(()-5/'''(/(-(.'''(((-2('''((/-/)'''((4-52'''(/.-4/''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''()2*'V,X'()2'''''(-./5'''(-//2'''(-)/.'''''<'''''(-120'''(//-33'''((2-)5'''(/(-/.''''''<'''''((.-/2''''''<'''''(//-(0'''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''()3*'*PI'()3'''''(-./2'''(-//3'''(-)(2'''(-)/2'''(-1))'''(/4-11'''(()-1('''(/(-1)'''(45-.0'''((/-3)'''((4-52'''(/.-((''()5*',XP'()5'''''(-.(0'''(-//5'''(-).5'''(-)..'''(-111'''(/4-.)'''((2-0.'''(/4-)('''((4-.0'''((4-10'''((4-()'''(//-))''()0*'+*,'()0'''''(-..)'''(-/45'''(-)11'''(-)10'''(-132'''(/(-13'''((3-5/'''((0-53'''((.-/.'''((4-04'''((/-//'''(//-/)'''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&''''''''''''''''''''''''''''''''''''''%&''(24*'I6T'(24'''''(-.1)'''(-/.('''(-)2/'''(-)1/'''(-1)3'''(/.-54'''((3-04'''(/4-.('''((4-31'''((2-4.'''(4/-.)'''(/(-32''''''''''''''''''''''''''''''''''''''%&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&'''''''''''''''''''''''''''''%&''(2(*'*,*'(2('''''(-../'''(-//2'''(-)4)'''(-)21'''(-132'''(/(-/)'''((3-/)'''(/4-(2'''((4-15'''(42-33'''((4-1/'''(//-)5'''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''%&'''''''''''''''''''''''''''''%&''(2/*'*PI'(2/'''''(-./5'''(-/.1'''(-).('''(-)..'''(-13('''(/4-/2'''(()-54'''(/4-)3'''((/-12'''(43-24'''(((-4.'''(/.-2/'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''&''''''''''''''''''''''''''''''&''(2.*'Y,Z'(2.'''''(-..('''(-/.3'''(-)(0'''(-))2'''(-123'''(//-33'''((2-/2'''(/(-44'''((4-()'''(((-(('''(40-/1'''(//-3.'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''&''(21*'*6V'(21'''''(-.(5'''(-/(0'''(-)/1'''(-)1('''(-12.'''(/4-(0'''((5-(/'''((5-2)'''((.-.3'''(41-34'''((4-14'''(/.-/.''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''%&'''''''&&'''''''''''''''''''''''''''''&&''(2)*'Y,Z'(2)'''''(-./2'''(-/.3'''(-)(0'''(-)/3'''(-120'''(/4-5('''(()-3)'''(/4-/3'''(40-50'''((4-/3'''(((-5.'''(/.-52''(22*',ZW'(22'''''(-..2'''(-/.('''(-).4'''(-)/.'''(-1)0'''(/.-41'''((2-1('''((0-5)'''(40-4('''((/-/('''((4-/)'''(/.-3.''(23*'*,*'(23'''''(-..5'''(-//('''(-)/4'''(-)14'''(-154'''(/.-.4'''((3-42'''(/4-)3'''((4-4('''((4-1('''(40-34'''(//-.2'''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''(25*'Y,Z'(25'''''(-./.'''(-/..'''(-)/3'''(-).4'''(-121'''(/4-0)'''(()-.0'''(/(-(0'''(((-51'''((4-/)'''(((-.3'''(/.-1('''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''(20*',XP'(20'''''(-./2'''(-//5'''(-)11'''(-)11'''(-135'''(//-/1'''((2-/0'''(/4-45'''(((-/)'''(40-0.'''(40-22'''(/.-2('''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''(34*'PZ6'(34'''''(-..3'''(-/.4'''(-)1/'''(-).0'''(-1)5'''(/2-5('''((5-40'''((0-42'''(((-40'''((.-30'''(4)-14'''(//-3)''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&&'''''''''''''''''&''''''''''''''''''''''''%&&'''''''''''''''''''%&&''(3(*'N[6'(3('''''(-.14'''(-//5'''(-)).'''(-))1'''(-13('''(/3-1('''((5-(('''((5-04'''(40-/0'''((1-.3'''((.-.2'''(//-0.'''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''&&&'''''''''''''''''&'''''''''''''''''&''''''''&'''''''''''''''''''&&&''(3/*'N[6'(3/'''''(-.14'''(-/.)'''(-)/4'''(-)2('''(-124'''(/1-35'''(()-(/'''(/(-1)'''((/-40'''(45-2.'''(((-/4'''(/.-14'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''%&''(3.*',ZW'(3.'''''(-./5'''(-/.1'''(-)/1'''(-)/0'''(-1))'''(/(-04'''(()-1.'''(/(-(0'''((4-)/'''(40-.5'''(((-32'''(/.-.3''(31*'*6V'(31'''''(-./)'''(-//0'''(-)(4'''(-)/0'''(-132'''(/.-2('''((3-4('''(/4-2('''(45-04'''(42-13'''((4-/5'''(//-.3''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''%&'''''''''''''''''''''''''''''%&''(3)*'+*,'(3)'''''(-./3'''(-/.2'''(-).4'''(-)25'''(-12.'''(/(-12'''(()-53'''(/4-33'''(40-31'''((4-33'''(((-(/'''(/.-.1'''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''(32*'*PI'(32'''''(-..)'''(-//0'''(-)/('''(-).2'''(-121'''(//-3)'''(()-14'''(/(-/1'''(40-51'''(((-.4'''(((-42'''(/.-.2''(33*'V,M'(33'''''(-.//'''(-/1.'''(-)//'''(-)/)'''(-121'''(/.-(/'''((2-0/'''((0-0.'''(43-.5'''(((-./'''(40-3)'''(/.-()'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''(35*'PZ6'(35'''''(-...'''(-/).'''(-)/0'''(-)1('''(-15('''(//-1.'''((2-42'''(/4-.('''((4-22'''((1-1)'''((/-4('''(/.-2.'''''''''''''''''''''''''''''''&'''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''(30*'Y,Z'(30'''''(-..('''(-//5'''(-)1('''(-))('''(-1)/'''(/(-5)'''((3-/2'''(/4-)('''(((-/0'''((/-5/'''(((-3)'''(//-/(''(54*',ZW'(54'''''(-./5'''(-/.)'''(-)/)'''(-)/5'''(-125'''(/(-04'''((2-33'''(/4-04'''(45-51'''(()-3.'''((4-.4'''(//-.1'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%&'''''''''''''''''''''''''''''%&''(5(*'N[6'(5('''''(-./2'''(-//.'''(-)(4'''(-)23'''(-1)('''(/(-35'''((3-4.'''(/4-/3'''(40-(3'''((4-(4'''(((-//'''(//-2)'
   	
    !
"!#$	
    !  
%&'()%*+,%&'(%%%%%&-.(.%%%&-(./%%%&-01/%%%%%2%%%%%&-103%%%&&4-3.%%%&(/-/1%%%&&'-(/%%%%%%2%%%%%&&0-3.%%%%%%2%%%%%&(&-53%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%%%%%%%6%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%&'.)%*+8%&'.%%%%%&-.11%%%&-(./%%%&-013%%%&-010%%%&-13'%%%&(1-/0%%%&&3-1&%%%&&4-55%%%&&(-54%%%&&(-(/%%%&/4-0&%%%&(.-'&%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%9:;<=>:2?@2A:;<=>:%B<;C<DE%FGA%035..'5%2%HIJ<D%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KJE:%.'%2222222222222222222222222222222222222222%%%%-----------------------------------------------------------------------------------------------------------------------------------%%%%9:;<=>:%%2222222222222%%%%%L2222222222%MGD=%B:DECI;%2222222222N%%%%L2222222222222222222222%MGD=%JDEB:;%2222222222222222222222N%%OG-%%P@Q:%R:S%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%TJU%%%HIJ<D%%%%DG-%%%%H2O%%%%%H2V%%%%%H)2H%%%%H)2HM%%%O2H)%%%%H2O2H)%%%H)2H2O%%%H)2H2V%%HM2H)2H%%%O2H)2H%%O2H)2HM%%%V2H2O%%%%%%%%%%%=:W%22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222%%&'1)%RX9%&'1%%%%%&-.1&%%%&-(.(%%%&-00/%%%&-00.%%%&-15/%%%&(3-5(%%%&&3-45%%%&(/-/1%%%&&.-&/%%%&&.-&&%%%&/'-&0%%%&((-4'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%6%%%%%%%%%%%%%%766%%%%%%%%%%%%%%%%%%%%%%%%%76%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%766%%&'0)%Y)+%&'0%%%%%&-..(%%%&-(.0%%%&-01&%%%&-035%%%&-10.%%%&(5-(1%%%&&5-55%%%&&4-.3%%%&&/-44%%%&/0-4.%%%&&&-00%%%&((-'5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%666%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%%%%%%%%%%%%%%%%%%%%%%%%%%%666%%&'3)%RX9%&'3%%%%%&-..'%%%&-(.'%%%&-0.5%%%&-0.'%%%&-10'%%%&((-.'%%%&&3-/3%%%&(&-&/%%%&&(-/0%%%&/4-'1%%%&/'-.4%%%&((-'1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%6%%&'5)%Y)+%&'5%%%%%&-.('%%%&-(.(%%%&-0&/%%%&-013%%%&-131%%%&(&-43%%%&&3-4'%%%&(/-&5%%%&&/-4&%%%&&(-44%%%&&/-&1%%%&((-'.%%&'')%Z+X%&''%%%%%&-..&%%%&-(1/%%%&-011%%%&-031%%%&-15/%%%&(&-/(%%%&&0-54%%%&&4-'(%%%&&/-&(%%%&/'-43%%%&&&-5'%%%&(1-.4%%&'4)%+,R%&'4%%%%%&-.1&%%%&-(.'%%%&-0(4%%%&-0.(%%%&-11.%%%&(1-'(%%%&&5-/4%%%&(/-&5%%%&&/-1(%%%&&&-'0%%%&/4-1(%%%&((-5/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%&4/)%[ZR%&4/%%%%%&-..(%%%&-(.(%%%&-014%%%&-0(4%%%&-1'0%%%&((-/3%%%&&5-'.%%%&(/-(&%%%&&&-33%%%&&&-0(%%%&&/-4(%%%&(&-40%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&4&)%P[9%&4&%%%%%&-.(4%%%&-(&.%%%&-010%%%&-0('%%%&-101%%%&&4-05%%%&&5-14%%%&&4-00%%%&/4-54%%%&&.-.&%%%&&(-1.%%%&((-41%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&4()%*+8%&4(%%%%%&-..1%%%&-(1/%%%&-01/%%%&-010%%%&-10(%%%&(.-&(%%%&&5-&&%%%&(/-.5%%%&/4-30%%%&/5-'5%%%&&/-&&%%%&((-14%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&4.)%K9V%&4.%%%%%&-.0&%%%&-(..%%%&-0&&%%%&-0(/%%%&-13/%%%&(/-1&%%%&&0-(.%%%&(/-'.%%%&/5-05%%%&&.-/1%%%&/.-43%%%&(.-41%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%6%%&41)%Y)+%&41%%%%%&-..1%%%&-((3%%%&-01'%%%&-003%%%&-1&3%%%&(.-(4%%%&&5-(/%%%&(/-1.%%%&&1-1.%%%&/1-'3%%%&&/-'4%%%&((-.0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%%%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&40)%K9V%&40%%%%%&-.0(%%%&-(.0%%%&-014%%%&-01.%%%&-1''%%%&((-1/%%%&&'-((%%%&&4-11%%%&&/-.0%%%&&3-31%%%&/1-/1%%%&((-..%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%%%%%%%%%%%%%%%%%%%%%%%%%%%%76%%&43)%)RK%&43%%%%%&-.(1%%%&-((5%%%&-0.(%%%&-0./%%%&-115%%%&(/-3.%%%&&3-4(%%%&(&-(/%%%&&&-//%%%&&(-&(%%%&/4-54%%%&(&-'5%%&45)%K9V%&45%%%%%&-.0/%%%&-(('%%%&-0((%%%&-01'%%%&-135%%%&&4-.'%%%&&3-'&%%%&&4-.'%%%&&/-3'%%%&/4-33%%%&/.-'&%%%&(.-50%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%6%%&4')%)9*%&4'%%%%%&-..&%%%&-((1%%%&-0.'%%%&-0('%%%&-1.1%%%&(&-44%%%&&'-(/%%%&(/-5/%%%&&/-4/%%%&&.-/0%%%&/'-3&%%%&(&-/4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%6%%%%%%%%%%%%6%%&44)%)+)%&44%%%%%&-..1%%%&-((1%%%&-0.(%%%&-0.(%%%&-15/%%%&&4-35%%%&&3-(.%%%&(/-51%%%&/4-'/%%%&&&-'(%%%&&&-(4%%%&(.-/.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%(//)%Y)+%(//%%%%%&-.(1%%%&-(((%%%&-01/%%%&-03(%%%&-100%%%&(&-(/%%%&&0-14%%%&(/-'4%%%&/4-&'%%%&&/-./%%%&&.-1(%%%&(.-3(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%6%%(/&)%)RO%(/&%%%%%&-.(5%%%&-(/5%%%&-0(/%%%&-0./%%%&-1.3%%%&(.-1.%%%&&0-3&%%%&(/-01%%%&&&-'0%%%&&(-51%%%&/'-45%%%&(.-3&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%(/()%*+O%(/(%%%%%&-.&3%%%&-(.4%%%&-0.&%%%&-0(&%%%&-110%%%&(1-&'%%%&&3-//%%%&(/-3(%%%&&/-'/%%%&&(-4/%%%&/0-5(%%%&(.-.'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%766%%%%%%%%%%%%%%%%%%%766%%(/.)%)RK%(/.%%%%%&-.(5%%%&-((1%%%&-143%%%&-0&3%%%&-115%%%&(.-(1%%%&&3-41%%%&&4-45%%%&/'-/1%%%&&&-43%%%&&/-&'%%%&(.-/4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%(/1)%+,R%(/1%%%%%&-.(1%%%&-(10%%%&-0&4%%%&-0.&%%%&-130%%%&&4-.1%%%&&0-'/%%%&(/-3'%%%&&/-'0%%%&/4-.3%%%&/4-4.%%%&(.-0(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%(/0)%+,R%(/0%%%%%&-../%%%&-(..%%%&-0&3%%%&-0(0%%%&-11'%%%&(&-11%%%&&5-53%%%&&'-53%%%&/'-'1%%%&&&-53%%%&/4-33%%%&(.-1'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%(/3)%)RO%(/3%%%%%&-...%%%&-(1&%%%&-0(0%%%&-0.&%%%&-151%%%&(/-35%%%&&3-5/%%%&&4-0&%%%&/4-43%%%&&/-(/%%%&&(-3'%%%&(.-5'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%6%%(/5)%TXP%(/5%%%%%&-..4%%%&-(14%%%&-0&3%%%&-001%%%&-13(%%%&(/-5'%%%&&0-&0%%%&((-&0%%%&/0-&1%%%&&&-'4%%%&&(-./%%%&((-04%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%766%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%766%%(/')%+X8%(/'%%%%%&-.(.%%%&-((&%%%&-0/4%%%&-0..%%%&-10/%%%&(/-5(%%%&&'-..%%%&&4-04%%%&/'-3(%%%&/4-3.%%%&/'-3/%%%&((-/5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%6%%(/4)%K[X%(/4%%%%%&-.(0%%%&-(.&%%%&-0(3%%%&-0.0%%%&-104%%%&&4-50%%%&&0-3'%%%&&4-3&%%%&/'-01%%%&&&-4/%%%&/4-54%%%&(1-04%
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'()*%+,-%'()%%%%%(.///%%%(.'//%%%(.01'%%%(.011%%%(.102%%%('2.13%%%((0.42%%%(').)3%%%(((.3/%%%(((.22%%%()2.04%%%('1.))%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%%%%%%%%%%%%%%%%%%&&&%%'((*%678%'((%%%%%(.//0%%%(.'/(%%%(.0'9%%%%%:%%%%%(.10/%%%('1.93%%%((4.4)%%%((4.04%%%%%%:%%%%%((1./9%%%%%%:%%%%%(''.02%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%'('*%;<-%'('%%%%%(.//9%%%(.'/(%%%(.01(%%%(.09)%%%(.19(%%%('/.(9%%%((2.2/%%%((3./1%%%(()./(%%%(().2(%%%()3.43%%%(''.43%%%-=>?@A=:BC:D=>?@A=%E?>F?GH%IJD%092//42%:%KLM?G%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%NMH=%/3%::::::::::::::::::::::::::::::::::::::::%%%%...................................................................................................................................%%%%-=>?@A=%%:::::::::::::%%%%%O::::::::::%PJG@%E=GHFL>%::::::::::Q%%%%O::::::::::::::::::::::%PJG@%MGHE=>%::::::::::::::::::::::Q%%RJ.%%;CS=%+=T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%UMV%%%KLM?G%%%%GJ.%%%%K:R%%%%%K:W%%%%%K*:K%%%%K*:KP%%%R:K*%%%%K:R:K*%%%K*:K:R%%%K*:K:W%%KP:K*:K%%%R:K*:K%%R:K*:KP%%%W:K:R%%%%%%%%%%%@=X%:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::%%'(/*%*+R%'(/%%%%%(.//9%%%(.'/4%%%(.130%%%(.0/(%%%(.141%%%('/.21%%%((0./'%%%(').91%%%()/.31%%%((/.'4%%%(((.20%%%('/.34%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%'(1*%Y7,%'(1%%%%%(./'9%%%(.'/9%%%(.0'4%%%(.09/%%%(.119%%%(').34%%%((0.29%%%('(.1/%%%(((.34%%%()2.3'%%%(('./2%%%(''.22%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'(0*%*7*%'(0%%%%%(./'1%%%(.(33%%%(.0'/%%%(.0((%%%(.111%%%((3.22%%%((4.40%%%((4.2)%%%(((.)0%%%(((.30%%%(().30%%%(''.11%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%'(9*%*7*%'(9%%%%%(.//'%%%(.'1(%%%(.0''%%%(.014%%%(.193%%%(''.)3%%%((9.)3%%%(').92%%%(().'(%%%()3.))%%%(((.'1%%%('/.'/%%'(2*%678%'(2%%%%%(./'4%%%(.''2%%%(.0()%%%%%:%%%%%(.103%%%('(.30%%%((1.33%%%('(.'(%%%%%%:%%%%%((0.31%%%%%%:%%%%%('/.24%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'(4*%78+%'(4%%%%%(./'2%%%(.'/2%%%(.0'/%%%(.0/9%%%(.19/%%%('/.3/%%%((2.1(%%%(').))%%%(().0)%%%()2.10%%%(().1(%%%(''.04%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'(3*%*7*%'(3%%%%%(.///%%%(.'(3%%%(.13'%%%(.0'1%%%(.12/%%%(').02%%%((1.24%%%('(.)9%%%(().'4%%%(('.(0%%%(((.94%%%('1.('%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%'')*%7,Z%'')%%%%%(./'/%%%(.'/2%%%(.0'4%%%(.0//%%%(.1'9%%%(''.20%%%((1.23%%%('(.(/%%%()3.3(%%%()2.(0%%%()3.09%%%('1.)3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&%%''(*%678%''(%%%%%(./'1%%%(.'/3%%%(.0(9%%%%%:%%%%%(.191%%%(''.40%%%((0.))%%%('(.44%%%%%%:%%%%%((1.)2%%%%%%:%%%%%('/.)'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'''*%Y7,%'''%%%%%(./'1%%%(.'10%%%(.0''%%%(.011%%%(.103%%%(''.)0%%%((9.)1%%%(').4/%%%(().)0%%%()3.94%%%(('.42%%%('/.()%%''/*%[*7%''/%%%%%(./'2%%%(.'0/%%%(.0(2%%%(.002%%%(.112%%%((3.3)%%%((1.)'%%%('(.)(%%%(((.'/%%%()2.2'%%%((/./(%%%('1.3/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%&%%''1*%*7*%''1%%%%%(./10%%%(.'10%%%(.0(/%%%(.0/3%%%(.10)%%%('/.((%%%((0.'/%%%('(.01%%%(().(4%%%(('.)0%%%()3.('%%%(''.34%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%''0*%;<-%''0%%%%%(.//1%%%(.'1)%%%(.0')%%%(.002%%%(.11)%%%('(.4)%%%((0./3%%%('(.(/%%%()2.91%%%(().'4%%%(('.34%%%('/.19%%''9*%;<-%''9%%%%%(./'4%%%(.'/9%%%(.0/9%%%(.009%%%(.101%%%('/.(/%%%((0.(2%%%(')./(%%%()2./)%%%(((.99%%%()2.'/%%%('1.0'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&&%%%%%%%%%%%%%%%%%%%5&&%%''2*%678%''2%%%%%(./11%%%(.'/'%%%(.0/'%%%%%:%%%%%(.191%%%('9.('%%%((9.//%%%(').0'%%%%%%:%%%%%(().2(%%%%%%:%%%%%('/.((%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&&%%''4*%[*7%''4%%%%%(.//2%%%(.''2%%%(.00(%%%(.00(%%%(.191%%%('9./1%%%((4.1/%%%((4.2/%%%()4.1)%%%((0.02%%%(()./4%%%(''.4/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%5&&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%5&%%%%%%%%%%%%%%%%%%%%%%%%%%%%5&&%%''3*%678%''3%%%%%(./1'%%%(.'/(%%%(.0/2%%%%%:%%%%%(.191%%%('/.)4%%%((4.41%%%((3./'%%%%%%:%%%%%(('.14%%%%%%:%%%%%('(.4(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'/)*%;<-%'/)%%%%%(.//4%%%(.'//%%%(.0//%%%(.004%%%(.191%%%('/.3)%%%((4./0%%%((3.2/%%%()2.'4%%%(((.(0%%%()3.03%%%('(.3/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%'/(*%67Z%'/(%%%%%(.//1%%%(.'/0%%%(.0((%%%(.01'%%%(.12/%%%(').(4%%%((0.)2%%%('(./'%%%()4.34%%%(().)4%%%(((.)1%%%('/.9)%%'/'*%Y7,%'/'%%%%%(./'9%%%(.''(%%%(.0)3%%%(.0'1%%%(.1/'%%%(''.)0%%%((2.1/%%%(').((%%%(((.4/%%%()2.04%%%(().92%%%(''.19%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'//*%678%'//%%%%%(./'9%%%(.'/1%%%(.0''%%%%%:%%%%%(.112%%%(').'/%%%((9.12%%%(').9'%%%%%%:%%%%%(('.3)%%%%%%:%%%%%(''.3(%%'/1*%78+%'/1%%%%%(.//)%%%(.'/'%%%(.01/%%%(.0/9%%%(.194%%%('(.49%%%((2.21%%%(').((%%%()3./'%%%(().21%%%(().04%%%(''.(0%%'/0*%Y7,%'/0%%%%%(.//9%%%(.''1%%%(.0/9%%%(.019%%%(.191%%%((3.03%%%((9.0'%%%(').2'%%%(().')%%%()2.2(%%%(('.39%%%(''.94%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'/9*%*-6%'/9%%%%%(.//(%%%(.''3%%%(.0'(%%%(.0'1%%%(.10'%%%(').30%%%((4.)3%%%(').1/%%%(((.''%%%(((.'0%%%(((.10%%%('(.1(%%'/2*%*+N%'/2%%%%%(./(2%%%(.''9%%%(.01/%%%(.0/(%%%(.123%%%((3./1%%%((4.04%%%((3.)3%%%(().33%%%((/.0)%%%(('.12%%%(''./'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%'/4*%67R%'/4%%%%%(.//0%%%(.')0%%%(.0/4%%%(.0'9%%%(.140%%%(').30%%%((2.(9%%%(')./)%%%(((.)'%%%(((.0/%%%(('./)%%%(''.0/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%'/3*%U,;%'/3%%%%%(./'2%%%(.''3%%%(.0/(%%%(.0'9%%%(.19'%%%('/.(0%%%((9.03%%%(').03%%%()3.19%%%((/.9/%%%()3.3'%%%(''.4)%%'1)*%*7*%'1)%%%%%(.//1%%%(.'/)%%%(.0'/%%%(.01(%%%(.119%%%(''.9(%%%((9.21%%%(').'0%%%(().1'%%%()3.()%%%()3.34%%%('/.)(%%'1(*%*7*%'1(%%%%%(./'3%%%(.''3%%%(.00)%%%(.0'0%%%(.193%%%('(.43%%%((2.//%%%(').0'%%%(().09%%%((/.34%%%(().91%%%(''.(0%
   	
    !
"!#$	
    ! %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()(*&+,-&()(&&&&&./0(0&&&./(01&&&./2(0&&&./2)0&&&./)30&&&.(4/14&&&..3/44&&&.(4/13&&&.45/61&&&.46/36&&&..(/2.&&&.(0/.0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()0*&789&()0&&&&&./00(&&&./((5&&&./200&&&./2)3&&&./)6(&&&.(./((&&&..6/.4&&&..5/16&&&.../)2&&&.45/30&&&.../(4&&&.((/51&&())*&78:&())&&&&&./001&&&./().&&&./2(3&&&./200&&&./)3(&&&.(./.(&&&..2/.6&&&.(./21&&&.../(0&&&..4/55&&&..0/46&&&.(0/(.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&;'&&&-<=>?@<ABCAD<=>?@<&E>=F>GH&IJD&2360016&A&KLM>G&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NMH<&)4&AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA&&&&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&&&-<=>?@<&&AAAAAAAAAAAAA&&&&&OAAAAAAAAAA&PJG?&E<GHFL=&AAAAAAAAAAQ&&&&OAAAAAAAAAAAAAAAAAAAAAA&PJG?&MGHE<=&AAAAAAAAAAAAAAAAAAAAAAQ&&:J/&&+CR<&S<T&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&UMV&&&KLM>G&&&&GJ/&&&&KA:&&&&&KAW&&&&&K*AK&&&&K*AKP&&&:AK*&&&&KA:AK*&&&K*AKA:&&&K*AKAW&&KPAK*AK&&&:AK*AK&&:AK*AKP&&&WAKA:&&&&&&&&&&&?<X&AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA&&()2*&*SN&()2&&&&&./0()&&&./()4&&&./2..&&&./2()&&&./))4&&&.(4/(3&&&..)/45&&&.(./05&&&.45/(3&&&.../.5&&&.../4)&&&.()/2(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()3*&8YS&()3&&&&&./0(5&&&./((3&&&./2).&&&./2(3&&&./))1&&&.((/21&&&..2/15&&&.(./()&&&.45/10&&&..4/62&&&.45/)(&&&.((/1)&&()6*&+,-&()6&&&&&./0(5&&&./((0&&&./2..&&&./2)(&&&./)3(&&&.((/5)&&&..6/65&&&..5/4(&&&.41/)0&&&.45/)0&&&.../42&&&.(0/.5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()1*&N-W&()1&&&&&./020&&&./((5&&&./2)4&&&./20.&&&./)36&&&.(./)5&&&..6/54&&&..5/45&&&..4/65&&&..)/4)&&&.40/05&&&.(0/4.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()5*&8Z9&()5&&&&&./000&&&./(05&&&./2(.&&&./2(6&&&./)22&&&.(./1(&&&..3/)2&&&.(./41&&&..4/26&&&.../0)&&&..4/)2&&&.((/)3&&(24*&78:&(24&&&&&./0(5&&&./(((&&&./2.6&&&./206&&&./)3(&&&..5/51&&&..3/(5&&&.(4/62&&&..4/.0&&&.41/56&&&.../24&&&.((/53&&(2.*&78:&(2.&&&&&./0(2&&&./((5&&&./20.&&&./2)(&&&./)23&&&.(./66&&&..3/14&&&..5/65&&&..4/52&&&..4/6.&&&.../4(&&&.(0/).&&(2(*&8YS&(2(&&&&&./00)&&&./(02&&&./201&&&./20)&&&./)3)&&&.((/.0&&&..2/5(&&&.(4/50&&&..4/56&&&..(/.2&&&..4/14&&&.(0/.)&&(20*&8Z9&(20&&&&&./00.&&&./((2&&&./2()&&&./2(5&&&./)30&&&.((/)(&&&..6/(4&&&..5/5.&&&..4/)6&&&..(/(2&&&..4/53&&&.((/15&&(2)*&*SN&(2)&&&&&./0(5&&&./(.)&&&./2.1&&&./206&&&./)6.&&&.((/.(&&&..3/02&&&.(4/(3&&&.41/3)&&&..4/31&&&.../45&&&.(0/01&&(22*&789&(22&&&&&./0(1&&&./()4&&&./206&&&./2(2&&&./))0&&&.((/)1&&&..3/05&&&.(4/.6&&&.../)5&&&.45/42&&&.45/22&&&.(0/))&&(23*&N,Z&(23&&&&&./006&&&./(0.&&&./2)0&&&./2).&&&./)3)&&&.((/60&&&..3/6)&&&.(4/)0&&&.../).&&&.../63&&&..4/60&&&.((/1(&&(26*&78Y&(26&&&&&./00.&&&./(00&&&./2(4&&&&&A&&&&&./)35&&&.(0/.6&&&..3/02&&&.(4/0(&&&&&&A&&&&&..0/53&&&&&&A&&&&&.(0/00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&;'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&(21*&789&(21&&&&&./0(5&&&./((0&&&./2.4&&&./20.&&&./)3.&&&.(0/)0&&&..)/56&&&.(./.)&&&.46/32&&&..4/33&&&..4/6.&&&.(0/15&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(25*&78:&(25&&&&&./00.&&&./(00&&&./24(&&&./2(6&&&./)24&&&.((/55&&&..3/)6&&&..5/33&&&.45/.1&&&.../53&&&.../.1&&&.(0/16&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(34*&8Z9&(34&&&&&./00(&&&./(()&&&./2.4&&&./2(1&&&./)25&&&.(4/3.&&&..2/64&&&.(4/50&&&..4/33&&&..4/40&&&..(/24&&&.(0/03&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&'&&(3.*&SZ-&(3.&&&&&./0(0&&&./((5&&&./2(.&&&./2.3&&&./))(&&&.(./55&&&..3/01&&&.(4/35&&&.41/1.&&&.../66&&&.45/()&&&.((/5(&&(3(*&8YS&(3(&&&&&./0(3&&&./((6&&&./2).&&&./2)(&&&./)21&&&.(./))&&&..6/))&&&.(4/6.&&&..(/2.&&&.45/)1&&&.45/)5&&&.(./10&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(30*&[*8&(30&&&&&./0(5&&&./(()&&&./2(6&&&./22(&&&./)21&&&.(4/)6&&&..3/25&&&.(4/55&&&.../.(&&&..4/00&&&..(/)3&&&.((/05&&(3)*&\8Z&(3)&&&&&./0(2&&&./(00&&&./2.6&&&./2).&&&./)2(&&&.(4/51&&&..6/05&&&..5/65&&&..4/31&&&..4/25&&&..(/2(&&&.((/1(&&(32*&SZ-&(32&&&&&./004&&&./(03&&&./2(5&&&./203&&&./)34&&&..5/60&&&..3/(5&&&.(4/00&&&..(/06&&&..4/42&&&..(/44&&&.(0/00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(33*&8Z9&(33&&&&&./00)&&&./(0(&&&./2(4&&&./2(6&&&./)26&&&.(./12&&&..3/6(&&&.(4/)1&&&.45/34&&&..0/4.&&&.../60&&&.((/65&&(36*&\8Z&(36&&&&&./0(6&&&./((6&&&./20(&&&./202&&&./)26&&&.(./41&&&..6/.0&&&.(4/)2&&&..(/22&&&..4/31&&&.../(5&&&.((/)4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&(31*&KYS&(31&&&&&./0(5&&&./(0(&&&./2.(&&&./2(4&&&./)26&&&.(./.5&&&..3/((&&&.(4/(5&&&..4/(5&&&..4/06&&&..4/)5&&&.(0/)5&&(35*&[*8&(35&&&&&./00(&&&./((2&&&./2(3&&&./2)1&&&./)26&&&.(./.(&&&..3/3)&&&.(4/)1&&&.../56&&&.41/6.&&&..(/41&&&.((/12&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(64*&*8*&(64&&&&&./0(6&&&./(0.&&&./201&&&./205&&&./)3(&&&.(./2(&&&..6/.0&&&..5/2.&&&..4/60&&&..(/6)&&&.../0.&&&.(0/03&&(6.*&[*8&(6.&&&&&./005&&&./(00&&&./20(&&&./2)1&&&./)35&&&.((/56&&&..3/)1&&&.(./4(&&&.../02&&&..4/)3&&&..(/41&&&.((/)1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(6(*&+-N&(6(&&&&&./0((&&&./(01&&&./2))&&&./204&&&./)24&&&.(4/6.&&&..6/1.&&&.(4/4(&&&..(/35&&&.../34&&&..4/03&&&.((/.)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(60*&8Z9&(60&&&&&./00(&&&./((3&&&./2(.&&&./2(2&&&./)64&&&.(./.2&&&..3/)1&&&.(4/3)&&&.41/.5&&&..0/34&&&.../4)&&&.((/11&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(6)*&\8Z&(6)&&&&&./0(2&&&./((0&&&./20)&&&./234&&&./)21&&&.(./33&&&..3/)4&&&.(4/13&&&..)/21&&&..(/41&&&..4/62&&&.((/60&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&(62*&*S:&(62&&&&&./0(2&&&./(00&&&./2((&&&./20(&&&./))6&&&.(./5)&&&..3/(2&&&.(4/3(&&&..4/02&&&..4/21&&&..4/03&&&.(0/.0&&(63*&\8Z&(63&&&&&./00(&&&./((6&&&./2)1&&&./23.&&&./)35&&&.((/)4&&&..6/43&&&.(4/23&&&..(/45&&&..(/)5&&&.../(6&&&.((/01&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(66*&78Y&(66&&&&&./000&&&./(()&&&./2.6&&&&&A&&&&&./)31&&&.((/).&&&..3/((&&&.(4/02&&&&&&A&&&&&..0/(6&&&&&&A&&&&&.(0/)0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&
   	
    !
"!#$	
    ! %
&'()*&+,-&'()&&&&&./00'&&&./'0)&&&./1'2&&&./10'&&&./34'&&&.'0/14&&&..4/2.&&&.'5/.(&&&.52/55&&&..0/3'&&&..5/).&&&.''/2.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(2*&7+8&'(2&&&&&./000&&&./'00&&&./13.&&&./133&&&./343&&&.'./31&&&..4/((&&&.'5/.3&&&.../)5&&&.52/)'&&&.../(.&&&.'0/52&&')5*&*-9&')5&&&&&./002&&&./'')&&&./100&&&./101&&&./3(5&&&.''/)'&&&..(/13&&&..2/(5&&&.52/35&&&..3/))&&&.../0'&&&.''/(1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&:;<=>?;@AB@C;<=>?;&D=<E=FG&HIC&14(00)(&@&JKL=F&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7LG;&3.&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&&&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&&&:;<=>?;&&@@@@@@@@@@@@@&&&&&M@@@@@@@@@@&NIF>&D;FGEK<&@@@@@@@@@@O&&&&M@@@@@@@@@@@@@@@@@@@@@@&NIF>&LFGD;<&@@@@@@@@@@@@@@@@@@@@@@O&&9I/&&PBQ;&-;R&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&SLT&&&JKL=F&&&&FI/&&&&J@9&&&&&J@U&&&&&J*@J&&&&J*@JN&&&9@J*&&&&J@9@J*&&&J*@J@9&&&J*@J@U&&JN@J*@J&&&9@J*@J&&9@J*@JN&&&U@J@9&&&&&&&&&&&>;V&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&').*&*-7&').&&&&&./003&&&./'0'&&&./10.&&&./102&&&./3(3&&&.''/1)&&&..(/)1&&&..2/3)&&&.52/'3&&&.../4.&&&.../55&&&.''/4(&&')'*&7:U&')'&&&&&./014&&&./'0'&&&./1'3&&&./104&&&./342&&&..)/1)&&&..4/('&&&..2/)5&&&..5/24&&&..5/34&&&.50/44&&&.'0/3(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&6&&')0*&W*X&')0&&&&&./00'&&&./'35&&&./1')&&&./114&&&./344&&&.''/.4&&&..3/)2&&&.'./'.&&&..5/('&&&.../.)&&&.../)4&&&.'0/)2&&')3*&+,-&')3&&&&&./003&&&./'04&&&./1'1&&&./1'1&&&./31(&&&.''/)1&&&..1/'0&&&.'5/24&&&.../50&&&..'/'4&&&..5/40&&&.'0/).&&')1*&YXZ&')1&&&&&./005&&&./'3)&&&./1'5&&&&&@&&&&&./313&&&.''/11&&&..3/)1&&&.'./''&&&&&&@&&&&&.../21&&&&&&@&&&&&.'0/20&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&')4*&YXZ&')4&&&&&./00'&&&./'01&&&./1.4&&&&&@&&&&&./34'&&&.'0/'2&&&..1/)4&&&.'./'.&&&&&&@&&&&&..'/2.&&&&&&@&&&&&.''/2'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&')(*&-8:&')(&&&&&./0'1&&&./'00&&&./1'5&&&./10.&&&./332&&&.'5/(0&&&..3/(2&&&.'./(1&&&.../11&&&..5/'4&&&.../14&&&.'0/33&&'))*&P:7&'))&&&&&./0''&&&./'03&&&./153&&&./1.0&&&./33'&&&.''/.3&&&..3/2(&&&.'./51&&&.5)/44&&&.5(/3(&&&.52/53&&&.'0/2)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&')2*&7+8&')2&&&&&./0')&&&./'0.&&&./104&&&./135&&&./334&&&.'./54&&&..(/5)&&&.'5/..&&&..3/32&&&..5/(3&&&..'/'4&&&.''/(0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&66&&'25*&*:Y&'25&&&&&./003&&&./'01&&&./104&&&./13(&&&./3(3&&&.'./((&&&..4/05&&&.'5/(.&&&..'/4.&&&..0/.4&&&.../)4&&&.''/2(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'2.*&YXZ&'2.&&&&&./00.&&&./'')&&&./1.)&&&&&@&&&&&./345&&&.''/'5&&&..4/'2&&&.'5/34&&&&&&@&&&&&.../25&&&&&&@&&&&&.'0/'3&&'2'*&*X*&'2'&&&&&./003&&&./''1&&&./1'5&&&./1.(&&&./343&&&.''/)'&&&..4/30&&&.'5/10&&&..5/''&&&.../41&&&..5/42&&&.'0/53&&'20*&,X8&'20&&&&&./0'(&&&./'05&&&./1')&&&./131&&&./34.&&&.'./)2&&&..1/(3&&&.'5/('&&&.../4'&&&.52/()&&&.../.)&&&.'0/1.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'23*&PZ:&'23&&&&&./005&&&./'0'&&&./102&&&./1'0&&&./31'&&&.''/34&&&..(/')&&&..2/20&&&..5/25&&&..0/04&&&.52/(0&&&.''/(2&&'21*&PZ:&'21&&&&&./00'&&&./''4&&&./1.1&&&./1'2&&&./34)&&&.'./(4&&&..4/.0&&&.'5/1.&&&..5/50&&&..5/24&&&.../0.&&&.'0/04&&'24*&7+8&'24&&&&&./0'(&&&./''4&&&./1'5&&&./10'&&&./313&&&.'./(.&&&..(/')&&&.'5/52&&&..0/55&&&.../40&&&.../.)&&&.''/4.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&'2(*&XZ-&'2(&&&&&./00'&&&./'0(&&&./1.2&&&./10'&&&./31(&&&.'5/40&&&..4/0)&&&.'5/5)&&&.52/)'&&&.52/44&&&..'/..&&&.'0/10&&'2)*&,X8&'2)&&&&&./001&&&./'01&&&./104&&&./141&&&./34(&&&.'5/13&&&..(/13&&&..2/22&&&.52/)(&&&..0/53&&&..3/)0&&&.''/3(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&[6&&'22*&*X*&'22&&&&&./003&&&./'.)&&&./153&&&./15'&&&./33)&&&.'5/'3&&&..1/12&&&.'5/.3&&&..5/('&&&.54/'4&&&.../..&&&.'3/''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&055*&W*X&055&&&&&./003&&&./'0'&&&./1.4&&&./11'&&&./343&&&.'0/.5&&&..4/52&&&.'5/3)&&&.52/2.&&&.../.5&&&.../24&&&.'0/3'&&05.*&*X*&05.&&&&&./0'2&&&./'0'&&&./10)&&&./15'&&&./302&&&.'./.2&&&..4/04&&&.'5/35&&&..5/12&&&.../'4&&&..5/5)&&&.'0/'0&&05'*&X8\&05'&&&&&./003&&&./''3&&&./1.)&&&./1'3&&&./31.&&&.''/31&&&..1/10&&&.'5/1(&&&.52/21&&&..5/50&&&.52/42&&&.'0/)2&&050*&*X*&050&&&&&./0'(&&&./'0'&&&./1.1&&&./10.&&&./33(&&&.'0/53&&&..4/30&&&.'5/')&&&..5/45&&&.5)/24&&&..5/30&&&.'0/'4&&053*&W*X&053&&&&&./000&&&./'3(&&&./131&&&./11'&&&./31(&&&.'./.)&&&..4/52&&&.'./35&&&..0/13&&&.../1(&&&.../42&&&.''/3)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&051*&*X*&051&&&&&./0'4&&&./'30&&&./101&&&./3)3&&&./31)&&&.'./.5&&&..4/54&&&.'5/(4&&&..5/0(&&&.../13&&&..5/.2&&&.'0/.)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&054*&*X*&054&&&&&./00.&&&./''.&&&./1.'&&&./1.)&&&./345&&&.'./55&&&..4/25&&&.'5/54&&&..5/2)&&&..'/'2&&&.../35&&&.'0/50&&05(*&,X8&05(&&&&&./0''&&&./'03&&&./13'&&&./144&&&./310&&&.'5/0(&&&..(/)'&&&..)/''&&&.52/.)&&&.../5'&&&.52/..&&&.'0/25&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&[6&&05)*&7:U&05)&&&&&./011&&&./'03&&&./13)&&&./13'&&&./3(0&&&.''/'.&&&..4/24&&&.'5/43&&&..3/3)&&&.../(0&&&.5'/04&&&.''/03&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&052*&YX\&052&&&&&./00)&&&./''4&&&./104&&&./13)&&&./31(&&&.'1/5(&&&..3/(2&&&.'5/13&&&..3/'.&&&.5)/13&&&.52/()&&&.'3/11&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&0.5*&YXZ&0.5&&&&&./000&&&./''1&&&./1.2&&&&&@&&&&&./345&&&.'3/).&&&..(/.(&&&.'5/54&&&&&&@&&&&&.5)/55&&&&&&@&&&&&.''/((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&0..*&X8\&0..&&&&&./0'2&&&./'''&&&./134&&&./104&&&./311&&&.'./3'&&&..)/41&&&..2/42&&&..'/.(&&&..3/21&&&..5/4)&&&.'./41&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&6&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&0.'*&7:U&0.'&&&&&./035&&&./'3'&&&./135&&&./104&&&./3)5&&&..)/0'&&&..(/52&&&.'5/04&&&..5/52&&&..0/(4&&&.50/52&&&.''/11&&0.0*&*X*&0.0&&&&&./005&&&./'30&&&./1.3&&&./10'&&&./31'&&&.'5/11&&&..4/..&&&.'5/40&&&..5/4'&&&..5/21&&&..5/2)&&&.'0/'1&&0.3*&W*X&0.3&&&&&./00.&&&./'05&&&./1.'&&&./143&&&./341&&&.'5/5'&&&..1/12&&&..2/23&&&..'/1'&&&.5(/34&&&..'/(4&&&.'3/31&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&[6&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
   	
    !
"!#$	
    ! %
&'(()*+,(-./()*+(((((*0))1(((*02*+(((*0+23(((*0+))(((*0342(((*220++(((**4033(((*2503*(((*56016(((*5604*(((**20)5(((*2)0*5(()*4,(789()*4(((((*0)2:(((*02)*(((*0+22(((*0+)3(((*033+(((*2*032(((**40:+(((*250+5(((**5046(((**20*6(((***024(((*2204+(((9;<=>?;@AB@C;<=>?;(D=<E=FG(HIC(+41)):1(@(JKL=F(,(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((MLG;(32(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@((((00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000((((9;<=>?;((@@@@@@@@@@@@@(((((N@@@@@@@@@@(OIF>(D;FGEK<(@@@@@@@@@@P((((N@@@@@@@@@@@@@@@@@@@@@@(OIF>(LFGD;<(@@@@@@@@@@@@@@@@@@@@@@P((QI0((7BR;(S;T((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((ULV(((JKL=F((((FI0((((J@Q(((((J@W(((((J,@J((((J,@JO(((Q@J,((((J@Q@J,(((J,@J@Q(((J,@J@W((JO@J,@J(((Q@J,@J((Q@J,@JO(((W@J@Q(((((((((((>;X(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@(()*1,(789()*1(((((*0))5(((*023*(((*0+)5(((*0++*(((*03:3(((*2205)(((**+021(((*25063(((***025(((**203:(((**504:(((*2)016((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()*:,(JYS()*:(((((*0)21(((*02)1(((*0+)2(((*0+24(((*03+6(((*2)05:(((**402:(((*250)2(((*5:065(((***012(((*560:5(((*2)0)6(()*6,(./Z()*6(((((*0))1(((*0221(((*0+55(((*0+*:(((*033*(((*25063(((**4032(((*2502+(((***03+(((**505:(((**5032(((*2)0))((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()25,(,.,()25(((((*0))*(((*023*(((*0+2+(((*0+*5(((*0345(((*2*031(((**4036(((*250)1(((**50+5(((**2035(((**50)3(((*2)0*3(()2*,(./Z()2*(((((*0)))(((*0221(((*0+*4(((*0+)*(((*03+4(((*2*051(((**40)6(((*2502*(((**505:(((***0*:(((***02+(((*2)0)6(()22,([.Y()22(((((*0)))(((*0224(((*0+2*(((((@(((((*034*(((*220)3(((**40*6(((*2505:((((((@(((((***043((((((@(((((*2)01)(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()2),(789()2)(((((*0))*(((*02)+(((*0+)1(((*0++3(((*0346(((*2)061(((**4022(((*2506+(((**504*(((**)06+(((**50+*(((*220:2(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()23,(,9[()23(((((*0)21(((*02)3(((*0+2:(((*0+2:(((*03+)(((*2*04*(((**40:6(((**6012(((***05+(((***01*(((**50)6(((*2)0)4(()2+,(,9[()2+(((((*0))4(((*02)4(((*0+35(((*0+)3(((*031:(((*220*5(((**+0+1(((*2*0*5(((**50)5(((**2024(((**50:4(((*2)0))((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()24,(U/7()24(((((*0))2(((*0226(((*0+2*(((*0+)+(((*03++(((*22015(((**40)+(((**604:(((***046(((*5606:(((**504:(((*2)064(()21,(,.,()21(((((*0))+(((*02)5(((*0+3)(((*0+*:(((*0342(((*220:2(((**40+3(((*25064(((**50+6(((**)0:4(((**503*(((*220+5(()2:,(.YS()2:(((((*0)2)(((*0221(((*0+*+(((*0+)*(((*03+1(((*220)+(((**40*+(((**6065(((*5:016(((***0)6(((**506+(((*2)06)(()26,(.YS()26(((((*0))3(((*02)*(((*0+3:(((*0+2+(((*034*(((*2204*(((**4021(((*250+)(((**506:(((**3025(((**504*(((*2)025((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((('(())5,(,SQ())5(((((*0))5(((*02)4(((*0+35(((*0+2:(((*03:5(((*2305:(((**+01*(((*2*041(((***065(((**406:(((**50+)(((*22042((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('((((((((((((((((((((((((((((((((((''(((((((((((((((((((((((((((((''(())*,(,.,())*(((((*0)24(((*02)3(((*0+*6(((*0+)1(((*03+)(((*2*0:*(((**+0+1(((*2*025(((***0**(((*5605*(((*560:4(((*2)025(())2,(-./())2(((((*0)21(((*023:(((*0+2+(((*0+)4(((*03+:(((*22054(((**30:6(((*2*044(((**50:6(((*560:3(((**20+*(((*2)03+(())),(\,.()))(((((*0))5(((*02)5(((*0+**(((*0+21(((*03+2(((*2*043(((**402*(((*2504:(((*5:01:(((*5:036(((***064(((*2)0**(())3,(,9[())3(((((*0)21(((*0226(((*0+)*(((*0+36(((*03+3(((*2*056(((**403:(((**6014(((***06*(((**20)*(((*5)0::(((*2)01+((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((&'''((((((((((((((((((&'''(())+,(S/9())+(((((*0))+(((*0226(((*0+)+(((*0+33(((*03+)(((*2)031(((**:05*(((**:066(((**30*:(((*540+5(((*5:02*(((*2206+(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((''(((((((&'(((((((('((((((((((((((((((((''(())4,(./Z())4(((((*0))6(((*02)2(((*0++1(((*0++)(((*0346(((*2)0*3(((**6044(((**1041(((**)056(((**+016(((**502)(((*2203+((((((((((((((((((((((((((((((((((((((&'((((((('((((((((((((((((((((((((&'(((((((&'(((((((&'(((((((&'(((((((((((((((((((((((((((((&'(())1,(M9W())1(((((*0)+:(((*02)2(((*0+35(((*0+3*(((*0314(((*2*042(((**:01+(((**:0*2(((***05*(((**+04:(((*530)2(((*2)0*)((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((('(((((((&'((((((((((((((((&'(((((((('((((((((((((((((((((&'(()):,(S/9()):(((((*0)34(((*02)4(((*0+)1(((*0+3*(((*0341(((*2)051(((**+015(((*250:3(((**)0):(((**306)(((**20**(((*2)034((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((&'(((((((('(((((((((((((((((((((((((((((&'(())6,(\,.())6(((((*0))5(((*02)6(((*0+)1(((*0+):(((*03+6(((*22013(((**4062(((*250)+(((***02*(((***02*(((***0*5(((*22041(()35,([.Z()35(((((*0))5(((*022+(((*0+2+(((*0+2*(((*034*(((*250)6(((**4056(((*2*03)(((*560+1(((***0)6(((**5011(((*2203:(()3*,(789()3*(((((*0)2*(((*0224(((*0+)+(((*0+52(((*03+6(((*220*6(((**+054(((*2*0+1(((*5603)(((**20+3(((*5605:(((*2)0)4((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((((((('(()32,(./Z()32(((((*0)25(((*02)+(((*0+24(((*0+*4(((*0323(((*2)014(((**40*2(((*25065(((**)02*(((*5:0**(((*5404+(((*220:4((((((((((((((((((((((((((((((((((((((((((((((((((((((&'(((((((('(((((((((((((((((((((((((&'(((((((('(((((((''((((((((((((((((((((''(()3),([.Y()3)(((((*0))3(((*0224(((*0+*2(((((@(((((*031*(((*220:)(((**403)(((*250:4((((((@(((((**2064((((((@(((((*22043((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(()33,(JYS()33(((((*0)24(((*02)*(((*0+32(((*0+33(((*03:*(((*2501+(((**6065(((**40:+(((*51024(((**+0)3(((**503:(((*2)0*:((((((((((((((((((((((((((((((((((((((((((((((((((((((('((((((((((((((((&'(((((((''(((((((('(((((((('(((((((((((((((((((((((((((((''(()3+,(789()3+(((((*0)33(((*02)*(((*0+33(((*0++3(((*0312(((*2)044(((**401:(((**605+(((*5102*(((**)0*5(((**2065(((*230*4((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((('((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((((((('(()34,(S/9()34(((((*0)):(((*02)3(((*0+)+(((*0+34(((*03+4(((*2)0:2(((**6052(((**:051(((**3026(((***0+1(((*560*1(((*22065(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((&'(((((((''((((((((((((((((((((((((((((((((((((((''(()31,(\,.()31(((((*0))3(((*0223(((*0+**(((*0+32(((*0346(((*2*052(((**105*(((**601:(((***0+1(((*5:05+(((***015(((*2)025((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((('(((((((((((((((((((((((((((((('(()3:,(-./()3:(((((*0))*(((*0232(((*0+2*(((*0+3+(((*034*(((*2*01)(((**4056(((*250*3(((*51053(((***026(((**2035(((*2)011(()36,(JYS()36(((((*0)3*(((*0226(((*0+5:(((*0+32(((*03):(((*2204+(((**40)3(((**60+:(((*5:065(((*5105+(((***016(((*23053((((((((((((((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((((((((((((((((('(((((((((((((((((((((((((((((('(
   	
    !
"!#$	
    ! % 
&'()*&+,-&'()&&&&&./''.&&&./001&&&./(0'&&&./(1'&&&./1(.&&&.0./12&&&..3/1)&&&.0)/'3&&&.)4/).&&&..0/0.&&&.)2/53&&&.0'/0(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&6&&&-789:;7<=><?789:;7&@98A9BC&DE?&(35''25&<&FGH9B&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&IHC7&1'&<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<&&&&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&&&-789:;7&&<<<<<<<<<<<<<&&&&&J<<<<<<<<<<&KEB:&@7BCAG8&<<<<<<<<<<L&&&&J<<<<<<<<<<<<<<<<<<<<<<&KEB:&HBC@78&<<<<<<<<<<<<<<<<<<<<<<L&&ME/&&N>O7&+7P&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&QHR&&&FGH9B&&&&BE/&&&&F<M&&&&&F<S&&&&&F*<F&&&&F*<FK&&&M<F*&&&&F<M<F*&&&F*<F<M&&&F*<F<S&&FK<F*<F&&&M<F*<F&&M<F*<FK&&&S<F<M&&&&&&&&&&&:7T&<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<&&'(.*&*+I&'(.&&&&&./''0&&&./0(.&&&./(00&&&./(03&&&./132&&&.0./43&&&..5/.)&&&..4/25&&&..)/))&&&.)5/23&&&..)/52&&&.0'/))&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(0*&UV+&'(0&&&&&./'''&&&./014&&&./(04&&&./(05&&&./115&&&.0)/'1&&&..(/3(&&&.0./((&&&.)4/4)&&&..)/''&&&..)/44&&&.00/54&&'('*&NW-&'('&&&&&./'00&&&./003&&&./(0.&&&./('3&&&./13'&&&.0)/2'&&&..(/4'&&&.0)/'0&&&..'/.0&&&..)/45&&&..)/3)&&&.0'/51&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'(1*&YUV&'(1&&&&&./'''&&&./005&&&./(03&&&&&<&&&&&./1(2&&&.0./0(&&&..5/.4&&&.0)/'5&&&&&&<&&&&&..0/5.&&&&&&<&&&&&.00/1'&&'((*&NW-&'((&&&&&./'02&&&./001&&&./(0)&&&./(..&&&./1(2&&&.0./40&&&..3/()&&&.0)/'0&&&.../5'&&&..)/5)&&&..)/()&&&.0'/.2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(3*&U,Z&'(3&&&&&./'04&&&./011&&&./(''&&&./(03&&&./1()&&&.0./44&&&..3/)4&&&.0)/02&&&.)4/(3&&&.../1)&&&..)/5.&&&.0'/3'&&'(5*&NW-&'(5&&&&&./''.&&&./00.&&&./()5&&&./('5&&&./151&&&.00/)5&&&..5/(.&&&..4/20&&&.)4/1.&&&..)/22&&&..0/((&&&.00/35&&'(2*&NW-&'(2&&&&&./''0&&&./0'0&&&./()(&&&./()4&&&./1(4&&&.0)/')&&&..5/.)&&&..4/4(&&&.)(/32&&&..0/44&&&.../)3&&&.00/4)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'(4*&*+M&'(4&&&&&./''1&&&./0'3&&&./(1.&&&./(1'&&&./132&&&.0)/2(&&&..(/''&&&.00/0)&&&..0/((&&&..0/33&&&.../1'&&&.00/10&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'3)*&YUM&'3)&&&&&./'0.&&&./000&&&./('.&&&./(''&&&./11.&&&.0)/(.&&&..5/('&&&.0)/55&&&..)/(1&&&.)(/55&&&..)/0)&&&.0./5)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'3.*&Q,N&'3.&&&&&./'0.&&&./0'5&&&./((.&&&./('(&&&./110&&&.0)/35&&&..3/0.&&&.0./'(&&&..'/34&&&..)/')&&&.)4/.3&&&.00/1.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'30*&+,-&'30&&&&&./''0&&&./000&&&./(00&&&./(0)&&&./1'4&&&.0./34&&&..5/'5&&&..4/5'&&&.)4/)0&&&..0/'0&&&.)2/'5&&&.00/4)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&6&&'3'*&[*U&'3'&&&&&./''.&&&./0)3&&&./(00&&&./(02&&&./131&&&.00/.2&&&..5/4)&&&..4/0(&&&.)5/54&&&.)4/))&&&.../.2&&&.00/2(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'31*&FV+&'31&&&&&./'05&&&./000&&&./(.2&&&./()'&&&./1((&&&.0)/2.&&&..5/)2&&&..4/2.&&&.)4/51&&&..3/)3&&&.../)5&&&.0'/.)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'3(*&UV+&'3(&&&&&./'03&&&./0'1&&&./141&&&./(0'&&&./1('&&&.0./40&&&..3/01&&&..4/'4&&&.)4/00&&&.)2/10&&&..)/4)&&&.01/'3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'33*&Q,N&'33&&&&&./''(&&&./01)&&&./(00&&&./(.4&&&./131&&&.0'/('&&&..5/0)&&&.0./.)&&&.)4/5)&&&.)2/4)&&&..)/2'&&&.0./34&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'35*&IW,&'35&&&&&./'.5&&&./00)&&&./143&&&./(.2&&&./1(0&&&..5/45&&&..(/1)&&&..4/4'&&&.)4/42&&&.../)0&&&.../.5&&&.01/35&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&66&&'32*&\U,&'32&&&&&./'')&&&./03)&&&./('3&&&./(04&&&./13.&&&.01/15&&&..3/'5&&&.0)/3(&&&.)4/43&&&.)(/.3&&&.)4/(3&&&.00/42&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&6&&&&&&&&&&&&&&&&&&&&66&&'34*&\U,&'34&&&&&./'0(&&&./010&&&./(.(&&&./(1(&&&./113&&&.00/)'&&&..1/.1&&&.0./.(&&&.)5/.)&&&.)2/5(&&&..0/23&&&.01/34&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&6&&'5)*&*+I&'5)&&&&&./''0&&&./00(&&&./(..&&&./(05&&&./1(0&&&.0'/54&&&..3/3(&&&.0)/)(&&&.)2/)1&&&.../3)&&&.)2/2.&&&.0'/00&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'5.*&UV+&'5.&&&&&./'04&&&./0.1&&&./(.2&&&./(()&&&./111&&&.0)/30&&&..(/3)&&&.0./.'&&&..'/22&&&..0/''&&&..)/5.&&&.0'/0'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&'50*&[*U&'50&&&&&./'01&&&./0'3&&&./(0.&&&./(14&&&./1(0&&&.0'/13&&&..(/45&&&.0)/34&&&.)2/(3&&&.)5/'.&&&..)/15&&&.0'/'1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'5'*&*+I&'5'&&&&&./'05&&&./0')&&&./(01&&&./('1&&&./1('&&&.0./..&&&..(/12&&&.0)/4)&&&.../44&&&.)4/2'&&&..)/.3&&&.0'/3.&&'51*&YUV&'51&&&&&./''5&&&./000&&&./(.(&&&&&<&&&&&./131&&&.00/(3&&&..5/))&&&.0)/04&&&&&&<&&&&&..)/3'&&&&&&<&&&&&.00/35&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'5(*&*+I&'5(&&&&&./''0&&&./0'0&&&./(1.&&&./('2&&&./150&&&.0./)(&&&..3/1'&&&.0)/21&&&..)/30&&&..0/('&&&.../.(&&&.00/5.&&'53*&\U,&'53&&&&&./''.&&&./0''&&&./())&&&./(1)&&&./1(5&&&.0./0'&&&..1/).&&&.0./2.&&&.)2/23&&&..0/02&&&.../40&&&.01/)4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'55*&FV+&'55&&&&&./'00&&&./0.3&&&./(0(&&&./(''&&&./11.&&&.0./35&&&..3/2(&&&.0)/''&&&.)2/20&&&.../.5&&&.)2/23&&&.00/2.&&'52*&U,Z&'52&&&&&./'02&&&./01.&&&./(..&&&./(1)&&&./111&&&.0)/0.&&&..1/1)&&&.0)/33&&&.../)3&&&..0/3.&&&.../(.&&&.01/41&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&6&&'54*&U,Z&'54&&&&&./''0&&&./0'.&&&./(.4&&&./(04&&&./1(.&&&.0(/)'&&&..(/(5&&&.0)/50&&&.)5/42&&&..0/3(&&&..)/).&&&.0'/5.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X6&
   	
    !
"!#$	
    ! %
&'()*&*+,&'()&&&&&-.'/0&&&-.//1&&&-.2')&&&-.2-2&&&-.331&&&-/3.2/&&&--1.34&&&-/).'3&&&-)(.()&&&---.12&&&-)0./1&&&-//./)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&'(-*&789&'(-&&&&&-.''/&&&-.//1&&&-.2)1&&&-.304&&&-.32/&&&-/-.4'&&&--2./1&&&-/).01&&&-)4.3'&&&---.01&&&--).3)&&&-/'.13&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&:;<=>?;@AB@C;<=>?;&D=<E=FG&HIC&241''(1&@&JKL=F&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&MLG;&33&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&&&...................................................................................................................................&&&&:;<=>?;&&@@@@@@@@@@@@@&&&&&N@@@@@@@@@@&OIF>&D;FGEK<&@@@@@@@@@@P&&&&N@@@@@@@@@@@@@@@@@@@@@@&OIF>&LFGD;<&@@@@@@@@@@@@@@@@@@@@@@P&&,I.&&QBR;&+;S&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&TLU&&&JKL=F&&&&FI.&&&&J@,&&&&&J@V&&&&&J*@J&&&&J*@JO&&&,@J*&&&&J@,@J*&&&J*@J@,&&&J*@J@V&&JO@J*@J&&&,@J*@J&&,@J*@JO&&&V@J@,&&&&&&&&&&&>;W&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&'(/*&MXY&'(/&&&&&-.'/-&&&-./-/&&&-.2'0&&&-.2//&&&-.330&&&-/'.30&&&--2.(/&&&-/).00&&&-)0.'1&&&---.--&&&---.'-&&&-/'.-1&&'('*&+Y:&'('&&&&&-.'/0&&&-.//4&&&-.2)0&&&-.2'2&&&-.334&&&-/3.4)&&&--4.2(&&&-/).2'&&&-)1.(/&&&-)2.44&&&--).)'&&&-//.(0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&'(3*&Z8Y&'(3&&&&&-.'-0&&&-./31&&&-.2/(&&&-.210&&&-.32)&&&-/-.13&&&--1.'0&&&-/).-3&&&---.)'&&&-)4.()&&&---.03&&&-//.34&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&'(2*&QX:&'(2&&&&&-.''2&&&-./'(&&&-.2)(&&&-.21'&&&-.341&&&-/).)2&&&--2.3/&&&-/).3-&&&-)(.-/&&&---.'(&&&--'.2'&&&-/3.-4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&6&&'(4*&78[&'(4&&&&&-.''-&&&-./')&&&-.2-'&&&&&@&&&&&-.320&&&-//.0'&&&--4.-)&&&-/).'1&&&&&&@&&&&&--).(2&&&&&&@&&&&&-/'.2/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(1*&+Y:&'(1&&&&&-.'/4&&&-./'(&&&-.2'3&&&-.2/3&&&-.330&&&-//.1(&&&--4.//&&&-/-.3'&&&--).-3&&&--'.34&&&-)0.-3&&&-//.'2&&'((*&QX:&'((&&&&&-.'//&&&-./32&&&-.223&&&-.2'4&&&-.321&&&-/-.-3&&&--4.0'&&&--0.0-&&&--).4/&&&--/.3)&&&--).-3&&&-/'.-4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(0*&Q[:&'(0&&&&&-.'3(&&&-./''&&&-.2)3&&&-.2'1&&&-.313&&&-//./'&&&--2.(2&&&-/)./'&&&-)(.'/&&&-)0.//&&&--'.1/&&&-/'.0/&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&56&&'0)*&*8*&'0)&&&&&-.''4&&&-./'3&&&-.2/-&&&-.2/)&&&-.320&&&-//.()&&&--1.-1&&&--0.1/&&&--).-(&&&--).//&&&--).-2&&&-/'.-)&&'0-*&M:V&'0-&&&&&-.'30&&&-./3'&&&-.2'2&&&-.2'4&&&-.343&&&-//./-&&&--2.(3&&&-/).()&&&---./0&&&--'./1&&&-)'./4&&&-/'.'1&&'0/*&789&'0/&&&&&-.''3&&&-./3(&&&-.2/0&&&-.232&&&-.340&&&-//.14&&&--3.1/&&&-/-.32&&&--).03&&&--).03&&&---.34&&&-/'.(/&&'0'*&78[&'0'&&&&&-.'/0&&&-./'2&&&-.2)1&&&&&@&&&&&-.334&&&-//.-0&&&--2.2'&&&-/).0/&&&&&&@&&&&&-)0.()&&&&&&@&&&&&-/'.22&&'03*&789&'03&&&&&-.'/0&&&-./3)&&&-.2/0&&&-.2-1&&&-.324&&&-//.//&&&--2.'2&&&-/-.)3&&&-)0.-/&&&--).42&&&-)0.-2&&&-/'.2(&&'02*&\*8&'02&&&&&-.'/0&&&-.//'&&&-.2-3&&&-.24(&&&-.34/&&&-/'.3/&&&--1.-4&&&--0.22&&&--).(-&&&-)1.12&&&---.)1&&&-/'./0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'04*&8Y9&'04&&&&&-.''/&&&-.//(&&&-.2-4&&&-.2'-&&&-.34(&&&-//.3'&&&--1.))&&&-/).(2&&&-)1.44&&&---.2'&&&---.')&&&-//.-3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'01*&8[+&'01&&&&&-.'/'&&&-.//4&&&-.2)3&&&-.2')&&&-.32-&&&--0.-'&&&--2.02&&&-/).-4&&&---.1-&&&-)4.-3&&&--'.12&&&-/'.(4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&56&&&&&&&&&&&&&&&&&&&&56&&'0(*&*+,&'0(&&&&&-.'/0&&&-.//0&&&-.2/0&&&-.2''&&&-.344&&&-//.41&&&--2.2'&&&-/).14&&&---.3'&&&--/.0'&&&--).3(&&&-/'.40&&'00*&*+M&'00&&&&&-.'''&&&-./'1&&&-.2-4&&&-.2')&&&-.340&&&-/3.12&&&--2.03&&&-/).)(&&&-)0.0(&&&--2.(-&&&---./(&&&-/'.0(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&3))*&8[+&3))&&&&&-.'/1&&&-./'0&&&-.2/1&&&-.23'&&&-.323&&&-//.2(&&&--1.2/&&&--0./1&&&---.2)&&&-)(.30&&&--).)3&&&-/'./)&&3)-*&M:V&3)-&&&&&-.'4)&&&-./'4&&&-.2//&&&-.2/(&&&-.320&&&--0./)&&&--2.()&&&-/).20&&&---.3(&&&---./1&&&-)'.'-&&&-/'.2)&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&6&&3)/*&\*8&3)/&&&&&-.'/0&&&-./'1&&&-.2-/&&&-.23)&&&-.321&&&-//.-(&&&--'.3(&&&-/-.10&&&-)(.02&&&--).4(&&&--3.-/&&&-/3.1/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&6&&&&&&&&&&&56&&3)'*&*:7&3)'&&&&&-.'/'&&&-./'2&&&-.2-0&&&-.2'-&&&-.3'4&&&-/'.(4&&&--4.(3&&&--0.01&&&--)./3&&&-)2.3/&&&-)(.'/&&&-/'.-4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&6&&&&&&&&&&&&&&&&&&&&66&&3)3*&M:V&3)3&&&&&-.''3&&&-./'/&&&-.2-2&&&-.23)&&&-.3(3&&&-/-.04&&&--2.0-&&&-/).//&&&--).)3&&&--/.-4&&&---.12&&&-/'.(2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6(.)6&&&&&&&&6&&&&&&&&6(.)6&&3)2*&78[&3)2&&&&&-.'''&&&-.//0&&&-.2-(&&&&&@&&&&&-.343&&&-//.22&&&--4./-&&&-/-.'-&&&&&&@&&&&&--2.()&&&&&&@&&&&&-//.31&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&3)4*&78,&3)4&&&&&-.'/)&&&-./')&&&-.2/4&&&-.2)1&&&-.332&&&-/-.2(&&&--4.2)&&&-/).4)&&&-)0.()&&&--/.-1&&&-)1.(1&&&-//.(2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&56&&&&&&&&&&&&&&&&&&&&56&&3)1*&Q[:&3)1&&&&&-.'/0&&&-./''&&&-.2/1&&&-.23)&&&-.321&&&-/-.(/&&&--4.10&&&-/).)(&&&---.-'&&&-)1.(2&&&--).()&&&-/'.)0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&3)(*&*+M&3)(&&&&&-.''1&&&-./''&&&-.23'&&&-.233&&&-.311&&&-/-.13&&&--4.-1&&&-/-.)'&&&--).2)&&&---.3)&&&---.30&&&-//.10&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&3)0*&78[&3)0&&&&&-.''-&&&-.//2&&&-.2-(&&&&&@&&&&&-.34)&&&-//.44&&&--4.3)&&&-/).2)&&&&&&@&&&&&--).12&&&&&&@&&&&&-/'.)4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&3-)*&8Y9&3-)&&&&&-.'/2&&&-.//1&&&-.2//&&&-.2'4&&&-.344&&&-/-.32&&&--4./0&&&-/).--&&&--).03&&&---.12&&&--/.)4&&&-/'.4)&&3--*&\*8&3--&&&&&-.'/0&&&-./-0&&&-.2'/&&&-.24)&&&-.324&&&-//.33&&&--4.31&&&-/).0'&&&--).3'&&&-)0.4(&&&---.20&&&-//.20&&3-/*&789&3-/&&&&&-.'//&&&-./'4&&&-.23'&&&-.2-(&&&-.3''&&&--0.03&&&--1.'0&&&--0.3(&&&--).12&&&--'.//&&&---.0-&&&-/'.-'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
   	
    !
"!#$	
    ! %%
&''()*+',-.'()*''''')/**(''')/0**''')/1)2''')/1*0''')/(3)''')00/(0'''))1/12''')02/4(''')25/11''')24/1)''')25/6*''')0*/61''()(+'+,+'()(''''')/**(''')/005''')/104''')/1)6''')/((1''')0)/*('''))3/(('''))5/3*'''))2/(6'''))2/60'''))2/34''')00/4*''()1+'789'()1''''')/**1''')/001''')/106''')/1(*''')/(32''')02/65'''))6/45'''))5/53'''))2/)3''')24/3)'''))0/(1''')0*/)0''()6+':,-'()6''''')/**3''')/0*2''')/1*(''')/1*6''')/(66''')0)/66'''))3/62''')02/6(''')25/)4'''))2/00'''))*/))''')0)/31'''9;<=>?;@AB@C;<=>?;'D=<E=FG'HIC'163**43'@'JKL=F'+'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''MLG;'(1'@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@''''///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////''''9;<=>?;''@@@@@@@@@@@@@'''''N@@@@@@@@@@'OIF>'D;FGEK<'@@@@@@@@@@P''''N@@@@@@@@@@@@@@@@@@@@@@'OIF>'LFGD;<'@@@@@@@@@@@@@@@@@@@@@@P''QI/''7BR;'S;T''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''ULV'''JKL=F''''FI/''''J@Q'''''J@W'''''J+@J''''J+@JO'''Q@J+''''J@Q@J+'''J+@J@Q'''J+@J@W''JO@J+@J'''Q@J+@J''Q@J+@JO'''W@J@Q'''''''''''>;X'@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@''()3+'JYS'()3''''')/*00''')/0*4''')/1((''')/1*5''')/(6*'''))5/1)'''))6/5*''')02/*6''')))/)6'''))0/5(''')))/3)''')00/3)''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''()4+'+,+'()4''''')/**(''')/00(''')/105''')/1*)''')/(62''')0)/0*'''))3/06''')02/)4'''))2/24'''))0/((''')))/(2''')00/11''()5+',-.'()5''''')/*06''')/001''')/10)''')/105''')/(16''')02/05'''))3/*6'''))5/62'''))2/41'''))*/(4'''))2/52''')0*/2(''(02+'JYS'(02''''')/**(''')/001''')/1*0''')/1(0''')/(1*''')0)/*3'''))6/0)'''))5/45'''))*/6*''')2(/52''')))/(0''')0*/*1''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Z&'''''''&&'''''''''''''''''''''''''''''&&''(0)+'+SQ'(0)''''')/**(''')/0*0''')/103''')/112''')/(10''')0(/*5'''))6/5)'''))4/30''')25/)6''')26/41'''))2/*6''')0(/*6'''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''&'''''''''''''''''&''''''''''''''''Z&'''''''''''''''''''''''''''''Z&''(00+'+SM'(00''''')/**1''')/0*)''')/1(0''')/11(''')/(6(''')0(/(0'''))4/20'''))4/45'''))0/)2'''))2/61'''))*/*(''')0*/)2'''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''Z&'''''''''''''''''&''''''''&''''''''''''''''Z&''''''''''''''''''''Z&''(0*+'S-9'(0*''''')/*(0''')/0(2''')/1*5''')/1*3''')/(60''')0(/4*'''))6/(1''')02/43'''))0/**'''))2/35''')25/)*''')00/6('''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Z&''''''''''''''''''''''''''&''''''''''''''''''''''''''''''''''''''Z&''(0(+'S-9'(0(''''')/**)''')/0(2''')/1*)''')/1*6''')/(6*''')0)/04'''))1/06''')0)/25'''))2/14'''))0/6*''')))/16''')0*/61''(01+',-.'(01''''')/**0''')/0*1''')/1)3''')/1*)''')/(10''')00/3)'''))1/16''')02/12''')24/3*'''))0/20'''))2/0)''')0*/5(''(06+'+SM'(06''''')/**(''')/0(*''')/1(*''')/1*6''')/(61''')0)/54'''))(/50''')0)/04'''))2/()'''))(/*3''')))/(5''')0*/42''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''(03+'M8-'(03''''')/**6''')/0*5''')/1*3''')/1(6''')/(6(''')00/46'''))1/6*''')02/4)''')))/1(''')25/31''')))/12''')0*/11''(04+'+SQ'(04''''')/**1''')/0*1''')/1(4''')/1(*''')/(64''')0*/43'''))6/(5''')02/64'''))0/0*''')))/45''')24/5*''')00/4*'''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''&''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''(05+'[,.'(05''''')/**3''')/0*)''')/1*)''')/1*0''')/(36''')0*/(0'''))6/4*'''))5/51''')25/50'''))1/(5'''))2/34''')0*/0)'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Z&'''''''''''''''''''''''''''''Z&''(*2+'+,+'(*2''''')/**0''')/0*5''')/1**''')/1(2''')/(66''')00/36'''))1/42''')02/4*''')24/3)''')25/51''')))/3)''')0*/*6'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''(*)+',YS'(*)''''')/**(''')/0*(''')/1(1''')/1(2''')/(6(''')00/12'''))3/)6''')02/00'''))2/16'''))(/))'''))2/*3''')00/60''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''(*0+'[,Y'(*0''''')/**(''')/0*1''')/10('''''@''''')/(30''')00/*)'''))6/)0''')02/16''''''@'''''))0/63''''''@''''')0*/*0'''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''&''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''(**+'\+,'(**''''')/**6''')/0*4''')/1*5''')/131''')/(31''')0*/(5'''))1/31''')02/52'''))2/6('''))*/23'''))0/30''')0*/*1'''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''(*(+'7Y9'(*(''''')/***''')/0(2''')/1**''')/102''')/(60''')0*/2('''))1/56''')02/34''')25/)5'''))0/5*''')25/33''')0*/06''(*1+'[,.'(*1''''')/**6''')/0(5''')/1*(''')/1*4''')/(30''')0)/5('''))(/30''')0)/00'''))2/)1'''))(/00''')))/25''')0(/26''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''(*6+',YS'(*6''''')/**3''')/0**''')/105''')/1*6''')/(6*''')0*/2*'''))1/*4''')02/53'''))2/65''')))/(0''')))/(*''')0*/60''(*3+'\+,'(*3''''')/**)''')/0*1''')/10*''')/1(4''')/(10''')0*/04'''))6/26''')02/(3'''))2/31''')21/14'''))2/53''')0*/(0'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&&'''''''''''''''''''''''''''''&&''(*4+'[,Y'(*4''''')/***''')/005''')/1)1'''''@''''')/(16''')00/)('''))1/5)''')0)/23''''''@'''''))(/0*''''''@''''')0*/22''(*5+'[,.'(*5''''')/*06''')/0*)''')/1*4''')/1*6''')/(12''')0)/63'''))6/25''')02/51'''))0/25'''))2/*('''))2/3)''')00/5*'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''&''((2+'+,+'((2''''')/*05''')/0*0''')/1**''')/1()''')/(36''')0*/26'''))1/(4''')02/32''')))/21''')))/5*'''))2/0(''')0*/4)''(()+'789'(()''''')/***''')/001''')/1(*''')/166''')/(14''')0(/(('''))3/12''')02/05'''))2/44'''))0/0*'''))2/66''')00/0)'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Z&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Z&''((0+'[,.'((0''''')/*05''')/0*0''')/1*0''')/1*0''')/(30''')0)/))'''))6/*5''')02/66'''))2/03'''))0/54''')))/*1''')00/51''((*+'789'((*''''')/*01''')/0)3''')/1(6''')/11*''')/(10''')0)/30'''))6/3('''))5/54'''))2/0('''))2/(6''')))/0(''')0*/04''(((+'+,+'(((''''')/*(2''')/003''')/105''')/1))''')/(12''')00/15'''))6/43''')02/11'''))2/0*'''))2/45''')25/43''')00/14''((1+',-.'((1''''')/**0''')/0*4''')/1))''')/10*''')/((3''')02/)6'''))1/)1''')02/41'''))2/)(''')24/34'''))2/(6''')0*/54''((6+'789'((6''''')/**6''')/0(2''')/1**''')/1*2''')/((5''')00/*4'''))(/4(''')0)/*0''')25/((''')24/))'''))2/43''')0*/4*''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''''''''''''''''''''''''&''((3+'789'((3''''')/*03''')/004''')/12*''')/1)4''')/(14''')00/0)'''))6/62'''))5/51'''))2/05''')))/03'''))0/*1''')0*/(0'''''''''''''''''''''''''''''''''''''''&'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''((4+',-.'((4''''')/*03''')/001''')/1**''')/1*5''')/(14''')02/2('''))4/31'''))4/4*'''))2/6*'''))*/02'''))0/))''')00/()'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''&''''''''&''''''''''''''''''''''''''''''''''''''''''''''''&''((5+'\+,'((5''''')/**(''')/00)''')/106''')/14*''')/(6*'''))5/2*'''))6/00''')02/61'''))0/65''')))/(('''))(/60''')0*/)0'
   	
    !
"!#$	
    ! %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&'(&&)*+,&-./&)*+&&&&&01230&&&01334&&&01*35&&&01*2)&&&01))6&&&030155&&&007127&&&03+13*&&&0001*)&&&000124&&&0+6166&&&032125&&&89:;<=9>?@>A9:;<=9&B;:C;DE&FGA&*742254&>&HIJ;D&,&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&KJE9&)7&>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>&&&&11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111&&&&89:;<=9&&>>>>>>>>>>>>>&&&&&L>>>>>>>>>>&MGD<&B9DECI:&>>>>>>>>>>N&&&&L>>>>>>>>>>>>>>>>>>>>>>&MGD<&JDEB9:&>>>>>>>>>>>>>>>>>>>>>>N&&OG1&&P@Q9&R9S&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&TJU&&&HIJ;D&&&&DG1&&&&H>O&&&&&H>V&&&&&H,>H&&&&H,>HM&&&O>H,&&&&H>O>H,&&&H,>H>O&&&H,>H>V&&HM>H,>H&&&O>H,>H&&O>H,>HM&&&V>H>O&&&&&&&&&&&<9W&>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>&&)*0,&.XR&)*0&&&&&0122*&&&01305&&&01*0)&&&01*36&&&01)77&&&0321)5&&&007165&&&03+134&&&0+4152&&&000152&&&00013+&&&03314)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*3,&TYP&)*3&&&&&01237&&&0132+&&&01*3)&&&01*)3&&&01)72&&&03016+&&&00*106&&&03+1**&&&00+137&&&00+1*5&&&0001)5&&&03)13*&&)*2,&,RO&)*2&&&&&01222&&&0132*&&&01*03&&&01*32&&&01)**&&&03)100&&&00)143&&&030145&&&00+10)&&&003146&&&0+61)6&&&0321*+&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*),&Z,.&)*)&&&&&01204&&&0132*&&&01*34&&&01*72&&&01)*0&&&0331)3&&&004170&&&0061*0&&&00+1)2&&&00)167&&&00010+&&&033155&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)**,&K[Y&)**&&&&&0122*&&&0132)&&&01*25&&&01*22&&&01)40&&&0301+2&&&007107&&&03+150&&&003173&&&00)135&&&000120&&&0321+3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*7,&,RO&)*7&&&&&01223&&&01320&&&01*26&&&01*25&&&01)76&&&03316*&&&0071*)&&&03+1*+&&&000172&&&00)166&&&00+1))&&&03316*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*4,&P[8&)*4&&&&&0122*&&&01320&&&01*23&&&01*)5&&&01)76&&&033154&&&0071**&&&03+1)2&&&0+6102&&&0001++&&&000153&&&0321+3&&)*5,&,RK&)*5&&&&&01220&&&01322&&&01*27&&&01*26&&&01)75&&&0331*4&&&0071)3&&&03+145&&&00+172&&&00)1+4&&&00+1)2&&&033146&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)*6,&Z,.&)*6&&&&&01223&&&01324&&&01*23&&&01*76&&&01)4+&&&0301*5&&&007153&&&03+107&&&00+1+2&&&00)1+*&&&003145&&&0321+0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)7+,&,8-&)7+&&&&&0122)&&&0132)&&&01*37&&&01*25&&&01)74&&&03015*&&&00*137&&&03+1*)&&&0001*0&&&00+1)4&&&0001*6&&&03)104&&)70,&RY8&)70&&&&&01225&&&01322&&&01*2+&&&01*)+&&&01)77&&&03)1)0&&&00715)&&&03+103&&&0+61)7&&&00*106&&&00+103&&&0321+)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)73,&.Y/&)73&&&&&01222&&&01323&&&01*35&&&01*27&&&01)4+&&&033120&&&0071*4&&&03+177&&&000102&&&00015*&&&00+150&&&033147&&)72,&RY8&)72&&&&&01220&&&01320&&&01*37&&&01*34&&&01)7+&&&0301*3&&&0071+0&&&03+1*+&&&00+1)*&&&003127&&&00+125&&&0321)6&&)7),&.XR&)7)&&&&&01222&&&013)3&&&01*24&&&01*23&&&01)*6&&&033153&&&007170&&&03+1)0&&&00+16*&&&003134&&&0+615)&&&033164&&)7*,&Z,.&)7*&&&&&01224&&&01336&&&01*37&&&01**6&&&01)76&&&0301*)&&&00715+&&&03+1+5&&&00+100&&&0+510)&&&002146&&&032103&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&(&&)77,&-./&)77&&&&&01224&&&0132*&&&01*2+&&&01*2+&&&01)42&&&0331*0&&&00*124&&&03+165&&&0+61*4&&&0001)7&&&000105&&&03217*&&)74,&,8-&)74&&&&&01220&&&01327&&&01*26&&&01*)0&&&01)70&&&03214*&&&007104&&&03+172&&&00010)&&&000152&&&0+6127&&&032106&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)75,&,.,&)75&&&&&01222&&&0132*&&&01*3*&&&01*27&&&01)7*&&&0321+7&&&00716*&&&006143&&&00+1)6&&&00)102&&&00+150&&&032123&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)76,&,RO&)76&&&&&01222&&&0133*&&&01*36&&&01*2*&&&01)7+&&&0301+6&&&0041++&&&03+17+&&&00+17)&&&00*1)6&&&0+6154&&&033125&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)4+,&,.,&)4+&&&&&01235&&&0132+&&&01*35&&&01*05&&&01)70&&&03+162&&&0041+7&&&006154&&&00+144&&&00*107&&&00+155&&&0321+4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)40,&HXR&)40&&&&&0122*&&&01334&&&01*0+&&&01*3*&&&01)4+&&&0331*)&&&00*1*0&&&006165&&&0+51**&&&000103&&&000136&&&03)1*+&&)43,&,RO&)43&&&&&01223&&&0132+&&&01*07&&&01*2*&&&01)7)&&&03212*&&&00*122&&&03+1)4&&&0+6162&&&0031+0&&&00+147&&&03)106&&)42,&RY8&)42&&&&&01220&&&0133)&&&01*+2&&&01*04&&&01)*4&&&03214*&&&00*137&&&03+175&&&0+6177&&&00014+&&&0+6152&&&03)1+*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)4),&Z,.&)4)&&&&&0123*&&&01323&&&01*3*&&&01***&&&01)*)&&&033156&&&00*152&&&03+1**&&&0+6147&&&0+61)0&&&000126&&&032170&&)4*,&\.Y&)4*&&&&&01222&&&01320&&&01*23&&&01*)5&&&01)70&&&03315+&&&0041+*&&&03+13+&&&00014+&&&00312)&&&0001*5&&&03314)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)47,&,8-&)47&&&&&0122+&&&0132+&&&01*33&&&01*30&&&01)76&&&030132&&&007167&&&03+12*&&&0+6134&&&00)15)&&&00+146&&&033176&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)44,&-.O&)44&&&&&01236&&&0132+&&&01**+&&&01*)+&&&01)**&&&0301)5&&&004163&&&005163&&&000134&&&00)1*0&&&0+5166&&&032107&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)45,&.Y/&)45&&&&&012)0&&&01322&&&01*)2&&&01**+&&&01)70&&&03)1*+&&&004106&&&006136&&&0001)3&&&00315+&&&0+51++&&&0321)5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&'(&&)46,&TYP&)46&&&&&012)0&&&01334&&&01*2)&&&01*)*&&&01)72&&&032173&&&007126&&&03+170&&&0+6167&&&00+153&&&0+6125&&&033166&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)5+,&.XR&)5+&&&&&01206&&&013)+&&&01*)3&&&01*)+&&&01))*&&&033102&&&0041++&&&03+127&&&000146&&&0+41*2&&&0+41*2&&&033173&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&'(&&&&&&&&&&&&&&&&&&&&'(&&)50,&.XR&)50&&&&&01225&&&01336&&&01*)5&&&01*22&&&01)47&&&033130&&&0041)2&&&03+106&&&0+6133&&&00314+&&&0001+)&&&033122&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&
   	
    !
"!#$	
    ! %
&'()*&+,-&'()&&&&&./001&&&./))'&&&./1)'&&&./102&&&./'33&&&.))/04&&&..5/.)&&&.)./2.&&&.24/25&&&..)/)'&&&..2/'4&&&.))/(5&&'(0*&678&'(0&&&&&./0)5&&&./)0)&&&./1)2&&&./1)5&&&./'13&&&.))/5)&&&..5/24&&&.)2/40&&&.24/1'&&&.24/)(&&&..2/()&&&.))/43&&&9:;<=>:?@A?B:;<=>:&C<;D<EF&GHB&15300(3&?&IJK<E&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6KF:&'3&????????????????????????????????????????&&&&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&&&9:;<=>:&&?????????????&&&&&L??????????&MHE=&C:EFDJ;&??????????N&&&&L??????????????????????&MHE=&KEFC:;&??????????????????????N&&OH/&&PAQ:&R:S&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&TKU&&&IJK<E&&&&EH/&&&&I?O&&&&&I?V&&&&&I*?I&&&&I*?IM&&&O?I*&&&&I?O?I*&&&I*?I?O&&&I*?I?V&&IM?I*?I&&&O?I*?I&&O?I*?IM&&&V?I?O&&&&&&&&&&&=:W&???????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????&&'('*&P79&'('&&&&&./0))&&&./))4&&&./1.1&&&./132&&&./'04&&&..4/10&&&..5/50&&&..4/(5&&&..)/24&&&..2/53&&&..)/'4&&&.)0/'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'(1*&,8-&'(1&&&&&./001&&&./)'5&&&./1.(&&&./1)5&&&./'1)&&&.))/0'&&&..'/((&&&.)./))&&&..2/(1&&&.2(/3'&&&.../5)&&&.)0/42&&'(5*&+,-&'(5&&&&&./00'&&&./)1)&&&./1.'&&&./1'4&&&./'3'&&&.)0/'0&&&..'/.1&&&.)./55&&&.2(/4)&&&..0/'.&&&..)/5(&&&.)'/.4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&X&&'(3*&678&'(3&&&&&./0)'&&&./).3&&&./1)0&&&./101&&&./''(&&&.))/(.&&&..5/(.&&&.)2/.3&&&..2/01&&&..2/)(&&&.24/15&&&.)0/2.&&'((*&R89&'((&&&&&./0)1&&&./)12&&&./1.1&&&./1)(&&&./'10&&&.))/)(&&&..1/10&&&.)2/52&&&..2/03&&&.25/14&&&..)/15&&&.)0/(3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&X&&&&&&&&&&&&&&&&&&&&YX&&'(4*&*9+&'(4&&&&&./0)5&&&./).'&&&./1.1&&&./105&&&./')1&&&.)2/43&&&..(/1'&&&..4/'1&&&..)/4)&&&..0/4(&&&..2/.1&&&.))/22&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&'42*&*R6&'42&&&&&./0.1&&&./)02&&&./1)4&&&./102&&&./'11&&&..4/)2&&&..3/'4&&&..4/30&&&..2/05&&&.../1)&&&..2/('&&&.))/35&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'4.*&*9+&'4.&&&&&./0'2&&&./)00&&&./10.&&&./1).&&&./'3.&&&.)./54&&&..1/41&&&.)2/11&&&.../0(&&&..0/.1&&&.../)3&&&.)0/'(&&'4)*&,ZR&'4)&&&&&./001&&&./)11&&&./10'&&&./105&&&./'1'&&&.)0/30&&&..1/1.&&&.)./03&&&..2/(3&&&.../50&&&..2/45&&&.)0/..&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'40*&R89&'40&&&&&./0)4&&&./)05&&&./123&&&./1)1&&&./''1&&&.)./)0&&&..5/24&&&.)2/(1&&&..2/50&&&..2/3(&&&.../'1&&&.)0/21&&'4'*&T8P&'4'&&&&&./0)4&&&./)'(&&&./10.&&&./10'&&&./''5&&&.)2/.'&&&..5/20&&&.)./15&&&..)/52&&&.23/'0&&&..2/'5&&&.))/'.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'41*&R89&'41&&&&&./0.5&&&./)'2&&&./1.5&&&./1)5&&&./'1(&&&.)2/20&&&..1/14&&&.)2/1)&&&..2/12&&&.2(/45&&&.../25&&&.)0/(3&&'45*&[*,&'45&&&&&./0)'&&&./)0'&&&./1.5&&&./115&&&./'5.&&&.))/)1&&&..1/'5&&&.)2/50&&&.../)5&&&.2(/5(&&&..)/''&&&.)0/42&&'43*&PZ9&'43&&&&&./00'&&&./)02&&&./1).&&&./1.2&&&./'05&&&.))/'3&&&..1/.1&&&.))/''&&&..2/32&&&.2(/34&&&.24/(3&&&.))/'.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'4(*&IZR&'4(&&&&&./0.5&&&./)05&&&./1.2&&&./104&&&./'0.&&&.)./.)&&&..0/42&&&.))/.4&&&.24/'(&&&..2/3)&&&..2/)'&&&.)0/4.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&'44*&R89&'44&&&&&./0)2&&&./)0.&&&./1.)&&&./100&&&./'12&&&.))/02&&&..3/01&&&..4/31&&&.../5'&&&.25/3.&&&..2/2(&&&.))/(3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&122*&69V&122&&&&&./0'.&&&./)0'&&&./1'.&&&./103&&&./'50&&&.)2/.)&&&..5/)0&&&.)2/).&&&.../0(&&&..)/(2&&&.20/13&&&.)0/1.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&X&&12.*&*,*&12.&&&&&./00'&&&./))3&&&./1)5&&&./1.(&&&./'53&&&.))/('&&&..5/22&&&.)2/51&&&..2/43&&&.24/1'&&&..2/55&&&.)0/01&&12)*&,ZR&12)&&&&&./00.&&&./)'5&&&./1')&&&./110&&&./'5.&&&.))/31&&&..1/)(&&&.)./25&&&..'/(0&&&.23/54&&&..2/'1&&&.)0/5'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XX&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XX&&120*&R89&120&&&&&./0'2&&&./)'2&&&./104&&&./103&&&./'30&&&.)0/30&&&..5/.1&&&.)2/25&&&..2/2(&&&..)/..&&&..2/)5&&&.)0/3(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&12'*&R89&12'&&&&&./0'.&&&./)'5&&&./11(&&&./1'1&&&./'4.&&&.)'/(.&&&..5/4'&&&..4/4)&&&..2/1.&&&..5/(0&&&..2/54&&&.)0/.0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&&&&&&&YX&&&&&&&YX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XX&&121*&*9+&121&&&&&./0'3&&&./)'1&&&./110&&&./1'1&&&./'42&&&.)0/(4&&&..5/42&&&.)2/22&&&.24/'0&&&..1/0.&&&.../21&&&.)0/24&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&YX&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&125*&*,*&125&&&&&./0'.&&&./)04&&&./103&&&./1'(&&&./'3(&&&.)0/(.&&&..1/()&&&.)2/53&&&..2/01&&&..0/3)&&&..2/13&&&.)0/1.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&123*&*,*&123&&&&&./001&&&./)'.&&&./1'1&&&./104&&&./'3.&&&.)0/0.&&&..5/)1&&&.)2/33&&&..2/5)&&&..)/'5&&&..2/.0&&&.))/45&&12(*&[*,&12(&&&&&./005&&&./)'.&&&./11'&&&./14)&&&./'54&&&.)0/.1&&&..5/(1&&&.)2/5.&&&..0/('&&&.../4.&&&.24/54&&&.))/1.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&YX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XX&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&XX&&124*&+,Z&124&&&&&./001&&&./)0)&&&./1)0&&&&&?&&&&&./'50&&&.))/24&&&..3/2.&&&.)2/.'&&&&&&?&&&&&..1/(4&&&&&&?&&&&&.))/('&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&1.2*&*RO&1.2&&&&&./00)&&&./)0.&&&./'44&&&./1.0&&&./'1(&&&.))/.5&&&..5/.'&&&..4/2'&&&.2(/0)&&&.2(/3(&&&..2/(0&&&.)'/()&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&X&&1..*&,ZR&1..&&&&&./004&&&./)0(&&&./1)'&&&./105&&&./'32&&&.)0/0(&&&..5/53&&&.)2/11&&&.25/33&&&..)/''&&&.../55&&&.))/33&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&1.)*&T8P&1.)&&&&&./005&&&./)'.&&&./1)0&&&./1)1&&&./''0&&&..4/41&&&..1/)2&&&.)./.'&&&.24/31&&&..2/..&&&..)/2(&&&.)0/51&&1.0*&678&1.0&&&&&./002&&&./))2&&&./103&&&./103&&&./''2&&&.))/31&&&..5/33&&&.)2/.1&&&..2/'.&&&.24/13&&&.../..&&&.)0/20&&1.'*&[*,&1.'&&&&&./00'&&&./)'0&&&./121&&&./10.&&&./'05&&&.))/22&&&..'/44&&&.))/21&&&.21/32&&&..2/))&&&.../5)&&&.))/40&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&YX&&1.1*&,ZR&1.1&&&&&./0.1&&&./)'.&&&./104&&&./1.(&&&./''5&&&.)2/'.&&&..3/1'&&&.)2/4(&&&..)/44&&&.24/'3&&&.23/24&&&.)./'2&
   	
    !
"!#$	
    ! % 
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&((&&&&&&&&&&&&&&&&&&&&((&&)*+,&-./&)*+&&&&&*012*&&&*021+&&&*0)*+&&&&&3&&&&&*04)5&&&**6046&&&**)0)*&&&*2*0))&&&&&&3&&&&&**405+&&&&&&3&&&&&*22062&&&789:;<83=>3?89:;<8&@:9A:BC&DE?&)+511F5&3&GHI:B&,&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&JIC8&4F&3333333333333333333333333333333333333333&&&&00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&&&&789:;<8&&3333333333333&&&&&K3333333333&LEB;&@8BCAH9&3333333333M&&&&K3333333333333333333333&LEB;&IBC@89&3333333333333333333333M&&NE0&&O>P8&Q8R&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&SIT&&&GHI:B&&&&BE0&&&&G3N&&&&&G3U&&&&&G,3G&&&&G,3GL&&&N3G,&&&&G3N3G,&&&G,3G3N&&&G,3G3U&&GL3G,3G&&&N3G,3G&&N3G,3GL&&&U3G3N&&&&&&&&&&&;8V&33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333&&)*5,&,.,&)*5&&&&&*0112&&&*024W&&&*0)+2&&&*0)15&&&*04+W&&&*22062&&&**50+1&&&**6011&&&*W60*2&&&**1045&&&*W50*)&&&*210W2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&&&&&&&&&&&&&&&&&&&((&&)*F,&J7U&)*F&&&&&*01))&&&*0226&&&*0)1)&&&*0)14&&&*0452&&&*24026&&&**4061&&&*2*01W&&&**201W&&&**10WW&&&*W102F&&&*2105)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&(&&)*6,&-.X&)*6&&&&&*012)&&&*022W&&&*0)22&&&*0)4+&&&*0445&&&*240)1&&&**+056&&&*2W0)4&&&**4052&&&*W)01)&&&**W045&&&*220+)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&((&&&&&&&((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&)2W,&-./&)2W&&&&&*012F&&&*0242&&&*0)*F&&&&&3&&&&&*04+6&&&*220+6&&&**+066&&&*2W0FF&&&&&&3&&&&&**20*F&&&&&&3&&&&&*220*2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)2*,&Y,.&)2*&&&&&*0111&&&*02)W&&&*0)1*&&&*0))5&&&*0454&&&**6011&&&**)0+*&&&**606+&&&**W0FW&&&***02*&&&**20F2&&&*24042&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)22,&Z.[&)22&&&&&*0146&&&*021+&&&*0)2W&&&*0)*F&&&*04)1&&&*2*0F1&&&**+0W*&&&*2W054&&&**2014&&&***012&&&***0*+&&&*2102*&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)21,&,QJ&)21&&&&&*011W&&&*022)&&&*0)14&&&*0)24&&&*0446&&&*2W046&&&**+0+2&&&**6045&&&**W0W*&&&**105*&&&***0)6&&&*210F6&&)24,&,7-&)24&&&&&*0111&&&*0225&&&*0)42&&&*0)2+&&&*0456&&&*2205+&&&**)066&&&*2W0+4&&&**2041&&&**40++&&&*W605+&&&*21015&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)2),&G/Q&)2)&&&&&*0115&&&*021)&&&*0)2W&&&*0)1*&&&*04)4&&&*2201W&&&**)0*1&&&*2*0W1&&&*W6054&&&**W021&&&***02F&&&*210F2&&)2+,&,QN&)2+&&&&&*0125&&&*0225&&&*0)2W&&&*0))2&&&*04)F&&&*210*2&&&**+0W4&&&*2W0F1&&&***01)&&&*W60)+&&&**W021&&&*210*1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)25,&O/7&)25&&&&&*0125&&&*0211&&&*0)2+&&&*0)2W&&&*0442&&&*2*0)4&&&**401)&&&*2W06)&&&**W0FF&&&**W06+&&&***0W*&&&*240+6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&(&&)2F,&Y,.&)2F&&&&&*0126&&&*0211&&&*0)2)&&&*0)42&&&*044+&&&*2)0+1&&&**50+4&&&*2W012&&&*WF0)4&&&*W+04W&&&*W60W2&&&*220W1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&((&&)26,&,7-&)26&&&&&*012F&&&*02W6&&&*0)14&&&*0)2)&&&*045F&&&*2*0*F&&&**5021&&&**6044&&&*WF0FF&&&**W0WF&&&***0W6&&&*21012&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)1W,&Y,.&)1W&&&&&*0116&&&*0215&&&*0)2W&&&*0)4)&&&*04+1&&&*240)*&&&**)04*&&&*2*0*6&&&**W0*)&&&*W40)F&&&**2024&&&*2101)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&((&&)1*,&-./&)1*&&&&&*012+&&&*021W&&&*0)*)&&&&&3&&&&&*044F&&&*22015&&&**5044&&&**6044&&&&&&3&&&&&*WF0F6&&&&&&3&&&&&*210*2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)12,&O\7&)12&&&&&*011F&&&*02*+&&&*0)12&&&*0))F&&&*045F&&&*2*02W&&&**50FW&&&*2W0F6&&&*WF054&&&***061&&&**401+&&&*2*012&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&(&&&&&&&&&&&'(&&)11,&O\7&)11&&&&&*01*F&&&*0216&&&*0)W4&&&*0)1W&&&*0445&&&**604)&&&**)0W5&&&*2*05W&&&*W60*F&&&**W0)+&&&**W0F2&&&*210*+&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)14,&,7-&)14&&&&&*01*5&&&*0222&&&*0)*W&&&*0)1F&&&*041F&&&*2*01+&&&**+02W&&&*2*021&&&*W604F&&&**W025&&&*W60)4&&&*220))&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)1),&Y,.&)1)&&&&&*01*+&&&*0221&&&*0)W1&&&*0)54&&&*044)&&&*2W0)W&&&**506F&&&**F0+5&&&***0+5&&&*W+0)4&&&**2044&&&*21011&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)1+,&J7U&)1+&&&&&*01)*&&&*0212&&&*0)1F&&&*0)1)&&&*045W&&&*2W045&&&**+066&&&**602W&&&**201*&&&**10*1&&&*W401)&&&*210F*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&(&&)15,&.[X&)15&&&&&*014*&&&*021*&&&*0)1F&&&*0)45&&&*04+2&&&*220W2&&&**)0F1&&&**605+&&&**10F4&&&*W5066&&&**W0F)&&&*2401)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)1F,&O\7&)1F&&&&&*011*&&&*0212&&&*0)42&&&*0)+W&&&*04)1&&&*240F5&&&**+0+1&&&**60+)&&&**10*W&&&*WF0+F&&&*W60F*&&&*210+5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)16,&-./&)16&&&&&*011W&&&*024W&&&*0)2W&&&&&3&&&&&*04+)&&&*2101*&&&**505)&&&*2W0WF&&&&&&3&&&&&**50*1&&&&&&3&&&&&*220*5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'(&&)4W,&J7U&)4W&&&&&*0146&&&*0224&&&*0)42&&&*0)4)&&&*04F1&&&**50W+&&&**504W&&&*2W0*2&&&***0*+&&&**10*5&&&*W1055&&&*22045&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&)4*,&Y,.&)4*&&&&&*0126&&&*0212&&&*0)16&&&*0)*)&&&*04+*&&&*2*02F&&&**+0W1&&&*2*0*+&&&*W60+6&&&**W0W6&&&**W021&&&*220FW&&)42,&./Q&)42&&&&&*0126&&&*0214&&&*0)2)&&&*0)21&&&*04)2&&&*220)W&&&**50*+&&&*2W0WF&&&**W0++&&&**W0)6&&&*W6052&&&*2205+&&)41,&-.X&)41&&&&&*0112&&&*02*5&&&*0)*+&&&*0)15&&&*0452&&&*2W0+F&&&**)0+1&&&*2W0W5&&&**W045&&&*W60+4&&&**20+2&&&*24022&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(&&&&&&&&&&&&&&&&&&&&&(&
   	
    !
"!#$	
    ! %
&'(()&*+,&'((&&&&&-.//-&&&-.0(1&&&-.'(/&&&-.'02&&&-.(13&&&-0(.-(&&&--'.4/&&&-05.10&&&--5.0/&&&--/.0-&&&-53.3/&&&-0/.''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(')&7*8&'('&&&&&-./(5&&&-.0(-&&&-.''1&&&-.''3&&&-.(1-&&&-0/.14&&&--2.'2&&&-05.45&&&-53.1-&&&--/.5-&&&--5.3-&&&-0-.10&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'(1)&98:&'(1&&&&&-.//-&&&-.0((&&&-.'5'&&&-.'(5&&&-.(1(&&&-05.44&&&--'.'2&&&-05.32&&&--5.'3&&&-53.03&&&---.05&&&-0/.((&&&;<=>?@<ABCAD<=>?@<&E>=F>GH&IJD&'12//42&A&KLM>G&)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&NMH<&(3&AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA&&&&...................................................................................................................................&&&&;<=>?@<&&AAAAAAAAAAAAA&&&&&OAAAAAAAAAA&PJG?&E<GHFL=&AAAAAAAAAAQ&&&&OAAAAAAAAAAAAAAAAAAAAAA&PJG?&MGHE<=&AAAAAAAAAAAAAAAAAAAAAAQ&&RJ.&&:CS<&,<T&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&9MU&&&KLM>G&&&&GJ.&&&&KAR&&&&&KAV&&&&&K)AK&&&&K)AKP&&&RAK)&&&&KARAK)&&&K)AKAR&&&K)AKAV&&KPAK)AK&&&RAK)AK&&RAK)AKP&&&VAKAR&&&&&&&&&&&?<W&AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA&&'(2)&)*)&'(2&&&&&-.//-&&&-.0/0&&&-.'/(&&&-.'(5&&&-.('2&&&-0-.34&&&--1.0(&&&-0-.0-&&&--5.3/&&&--/.55&&&-53.-1&&&-00.''&&'(4)&X)*&'(4&&&&&-./0/&&&-.0(4&&&-.'-4&&&-.'/5&&&-.('/&&&-0-.'2&&&--1.'4&&&-05.02&&&--5.(4&&&---./0&&&--0.0(&&&-0/.--&&'(3)&7*8&'(3&&&&&-./04&&&-.0/2&&&-.'0/&&&-.'/(&&&-.('0&&&-0-.0'&&&--1./'&&&-0-./0&&&-53.2/&&&--0.52&&&--0.51&&&-00./0&&''5)&*+,&''5&&&&&-./00&&&-.0/-&&&-.'03&&&-.'-2&&&-.((1&&&-05.'-&&&--1.2-&&&-05.-2&&&---.('&&&-54.34&&&-53.(2&&&-0/.5'&&''-)&Y*Z&''-&&&&&-.//3&&&-.0-1&&&-.'(1&&&-.'/-&&&-.(2(&&&-0-.1/&&&--2.'1&&&-05.(/&&&---.2/&&&---./'&&&--5./(&&&-0-.33&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&''0)&:;N&''0&&&&&-.//5&&&-.00/&&&-.'(1&&&-.'(/&&&-.(1/&&&-0-.(1&&&--1.21&&&-0-.'4&&&-53.11&&&---.(2&&&--5./3&&&-0-.11&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&''/)&Y*+&''/&&&&&-./05&&&-.0-2&&&-.'-0&&&&&A&&&&&-.(((&&&-0-.02&&&--2.'(&&&--3.13&&&&&&A&&&&&--(.(0&&&&&&A&&&&&-00.20&&''()&:[;&''(&&&&&-.//0&&&-.0/(&&&-.'54&&&-.'(2&&&-.(12&&&-0/.-'&&&--'.15&&&-05.3(&&&---.42&&&-54./3&&&-53.(/&&&-0/.((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&6&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&6&&''')&Y*+&'''&&&&&-.//(&&&-.0//&&&-.'/2&&&&&A&&&&&-.('/&&&-0-./(&&&--'.(5&&&-0-.13&&&&&&A&&&&&---.'4&&&&&&A&&&&&-00.43&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&''1)&);Y&''1&&&&&-./(/&&&-.0/-&&&-.'((&&&-.'''&&&-.(20&&&-02.1-&&&--2.//&&&--4.'4&&&--0./1&&&--'.51&&&-54.54&&&-0(.53&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&666&&&&&&&&&&&&&&&&&6&&&&&&&&6&&&&&&&&6&&&&&&&&6&&&&&&&&&&&&&&&&&&&666&&''2)&),N&''2&&&&&-.//4&&&-.0/5&&&-.'(5&&&-.'(3&&&-.(11&&&-0(.3'&&&--1.(-&&&--4.23&&&-54.''&&&--0.03&&&--/.35&&&-0(.23&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&6&&&&&&&&&&&66&&''4)&:[;&''4&&&&&-./((&&&-.0/(&&&-.''-&&&-.'1/&&&-.(11&&&-04.00&&&--1.(2&&&-05.(/&&&---.-5&&&--/.20&&&---.2/&&&-0/.5'&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&\666&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\666&&''3)&*8Z&''3&&&&&-.//2&&&-.003&&&-.'5'&&&-.''1&&&-.('2&&&-0/.--&&&--'.2'&&&-05.02&&&-5'.'/&&&---.-'&&&-53.4'&&&-0/.32&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&66&&'15)&);Y&'15&&&&&-./02&&&-.0(5&&&-.'0(&&&-.'0'&&&-.(2(&&&-0-.32&&&--1.2'&&&-05.2(&&&--5.5(&&&-53.44&&&-53.20&&&-00.'-&&'1-)&K+,&'1-&&&&&-./03&&&-.0-5&&&-.'--&&&-.'0/&&&-.(2/&&&-0-.'/&&&--1.(5&&&-05.(4&&&--5.35&&&--/.3/&&&-53.22&&&-0/.-0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'10)&*8Z&'10&&&&&-.//(&&&-.0((&&&-.'/1&&&-.'05&&&-.(00&&&-0/.0/&&&--2.14&&&-05.53&&&-54.10&&&-53.1-&&&-52.('&&&-00.0-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&&&&\6&&'1/)&)*)&'1/&&&&&-./02&&&-.0/2&&&-.'/-&&&-.(3/&&&-.((-&&&-0-./0&&&--1.0'&&&-05./(&&&---.-4&&&-54.12&&&--5./-&&&-0/.(5&&'1()&*8Z&'1(&&&&&-.//0&&&-.00/&&&-.'0/&&&-.'/(&&&-.('2&&&-0/.45&&&--'.20&&&-0-./-&&&--5.10&&&-53.'/&&&---.((&&&-00.3-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'1')&)*)&'1'&&&&&-./02&&&-.0/3&&&-.'/4&&&-.'03&&&-.(/(&&&-0-./3&&&--2.-4&&&-05.43&&&---.01&&&-53.04&&&-53.'/&&&-0-.35&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'11)&:[;&'11&&&&&-./0(&&&-.0/0&&&-.(31&&&-.'''&&&-.('4&&&--4.(3&&&--2.-1&&&--4.44&&&-54.31&&&-54.3(&&&--(.32&&&-0/.31&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&66&&&&&&&&&&&&&&&&&&&&66&&'12)&);Y&'12&&&&&-.//2&&&-.001&&&-.'0-&&&-.'-4&&&-.((2&&&--4.12&&&--1.(0&&&-05.0-&&&--5.44&&&-52.24&&&--0.34&&&-0/./2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&6&&&&&&&&&&&&&&&&&&&&\6&&'14)&),N&'14&&&&&-.//5&&&-.0/0&&&-.'-/&&&-.'/0&&&-.('3&&&-0-.2'&&&--'.3'&&&--3.(1&&&--5.1(&&&--0./'&&&---.04&&&-0(.'4&&'13)&:[;&'13&&&&&-.//-&&&-.00(&&&-.'/'&&&-.'''&&&-.(23&&&-00.'0&&&--2.03&&&-05.((&&&---.-4&&&--5.(/&&&--0.50&&&-00.-3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'25)&N;V&'25&&&&&-./(-&&&-.00/&&&-.'/0&&&-.'01&&&-.((3&&&-05.15&&&--2.40&&&--4.31&&&---.-1&&&-53.(0&&&-5/.03&&&-0/.-4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'2-)&N;V&'2-&&&&&-./(4&&&-.0/0&&&-.(34&&&-.'/1&&&-.(24&&&--4.24&&&--1.0(&&&--3.44&&&-53.1'&&&--5.55&&&-5(.4'&&&-0/.44&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&6&&&&&&&&&&&\6&&'20)&*+,&'20&&&&&-.//0&&&-.0/3&&&-.'//&&&-.'01&&&-.((-&&&-05.55&&&--(.5-&&&-0-.2(&&&--0.-4&&&-51.3-&&&---.04&&&-0(.-3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&6&&&&&&&\6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&'2/)&);Y&'2/&&&&&-./0(&&&-.0/-&&&-.'/1&&&-.'03&&&-.((3&&&-0(.33&&&--1.42&&&-05.-/&&&--5.2'&&&--0.4(&&&-52.'0&&&-00.33&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\6&&&&&&&&&&&&&&&&&&&&\6&&'2()&Y*Z&'2(&&&&&-./(5&&&-.0((&&&-.'04&&&-.'(0&&&-.(20&&&-00.(2&&&--2.34&&&-05.5-&&&-52.'-&&&--/.(4&&&--0.--&&&-0-.33&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6&&'2')&Y*Z&'2'&&&&&-.//1&&&-.0(3&&&-.'0/&&&-.'/5&&&-.(2-&&&--3.-3&&&--'.11&&&-0-.''&&&--0./(&&&--5.3-&&&--0.(-&&&-00.23&
   	
    !
"!#$	
    ! %&
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''('''''''''''''''''('''''''''''''''''''''('')*+,'-./')*+'''''01234'''01335'''01)6+'''01)05'''01777'''00416+'''00)126'''0361)4'''000102'''0021+)'''0061**'''037106''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('')**,'8,9')**'''''0123*'''01336'''01)3+'''01)25'''017)3'''0301+*'''00)14*'''0361+6'''006123'''064127'''000157'''032172'')*5,'9.:')*5'''''01226'''01376'''01)0+'''01)3+'''017+6'''0321+*'''0071+5'''030155'''00610*'''00210*'''00616)'''032127''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''';<=>?@<ABCAD<=>?@<'E>=F>GH'IJD')+*225*'A'KLM>G','''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''NMH<')6'AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA''''11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111'''';<=>?@<''AAAAAAAAAAAAA'''''OAAAAAAAAAA'PJG?'E<GHFL='AAAAAAAAAAQ''''OAAAAAAAAAAAAAAAAAAAAAA'PJG?'MGHE<='AAAAAAAAAAAAAAAAAAAAAAQ''RJ1''/CS<'T<U''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''-MV'''KLM>G''''GJ1''''KAR'''''KAW'''''K,AK''''K,AKP'''RAK,''''KARAK,'''K,AKAR'''K,AKAW''KPAK,AK'''RAK,AK''RAK,AKP'''WAKAR'''''''''''?<X'AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA'')*4,',TN')*4'''''01230'''0133*'''01)05'''01)20'''01727'''033150'''00+163'''0361+3'''00313)'''065156'''06+105'''03212+'''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''('''''''''''''''Y(('''''''''''''''''''Y(('')56,',TN')56'''''01225'''01376'''01)3)'''01)2+'''017+4'''03213+'''00)1+2'''036147'''064135'''000140'''00312+'''032173'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''('')50,'T.;')50'''''01220'''01334'''01)2)'''01)26'''017)4'''03314+'''00+137'''03617*'''064157'''0021+2'''00616*'''032134'')53,',9,')53'''''01223'''01304'''01)23'''01)76'''017)*'''032127'''00+1++'''0361*5'''0641)2'''00617+'''0641)3'''0331)2'')52,',;Z')52'''''01232'''01327'''01)24'''01)3+'''017++'''030136'''00+1+3'''036106'''064166'''00314)'''006175'''03213*'')57,'N[.')57'''''01223'''01300'''01)35'''01)3)'''017*7'''030102'''00*1*0'''00412)'''06412)'''002135'''00313+'''033147'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''('')5),'9.:')5)'''''01226'''013)0'''01)23'''01)76'''017)3'''030126'''0071)5'''03014*'''000165'''0641+0'''006145'''032172'')5+,'Z9:')5+'''''01230'''01335'''01)05'''01)2*'''01777'''032164'''00*1))'''0041+5'''003105'''0001)+'''06413)'''0331*)'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''''''('')5*,'/\;')5*'''''0122+'''01375'''01)20'''01)2+'''017+)'''0361+4'''007144'''030105'''000100'''000173'''00615+'''032152'')55,'Z9:')55'''''01226'''01320'''01)72'''01)24'''01724'''032126'''00*1+2'''00415*'''06514+'''0001)2'''06+1+4'''033175''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''((''''''''''''''''''''(('')54,'/[;')54'''''01234'''01326'''01)70'''01))6'''017)4'''032156'''00*1)5'''0051*3'''000144'''06513+'''064124'''0321)4''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''(''''''''(''''''''(''''''''('''''''''''''''''''''('')46,',TN')46'''''01273'''01377'''01)25'''01))4'''017*3'''03)170'''00)157'''036126'''003160'''00610*'''00+152'''03215+'''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''((''''''''''''''''''''''''''(''''''''''''''Y(((''''''''''''''''''Y((('')40,'9.:')40'''''01227'''0132*'''01)22'''01)2*'''01723'''032157'''007173'''030173'''06*1+7'''0031+6'''0641))'''03710+'''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''(''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''''''('')43,'/[;')43'''''01234'''01334'''01)7+'''01))4'''0172*'''032100'''00)132'''03310+'''003176'''0651)4'''0031*6'''0331+0'''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''''''('')42,'N[.')42'''''01236'''01320'''01)30'''01)00'''017+5'''03014*'''00*130'''03612)'''065175'''003163'''006155'''033172'')47,'8,9')47'''''01234'''01304'''01)33'''01)+7'''017+7'''00414+'''00*15+'''03016*'''000170'''00012)'''00313+'''03016)'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''(''''''''''''('')4),'Z9\')4)'''''0120*'''013)5'''01)04'''''A'''''017)6'''005160'''00717+'''03313)''''''A'''''00717*''''''A'''''032134'''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''Y('''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''Y('')4+,'8,9')4+'''''0123+'''01330'''01)6*'''01)70'''01772'''030124'''00*137'''0041)4'''06510)'''06*156'''000153'''03210*''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''('')4*,'8,9')4*'''''0123)'''0130*'''01)35'''01)20'''017+0'''0301*+'''00+16+'''0301)0'''0061+6'''00012+'''0001+)'''033170'')45,'Z9\')45'''''01237'''01370'''01)03'''''A'''''01770'''0331*0'''00+177'''036140''''''A'''''006162''''''A'''''0331+2''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('')44,'-./')44'''''01237'''0132)'''01744'''01)26'''0177)'''03614*'''00717*'''0331+5'''0641*)'''000140'''000135'''033157'''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''''''''''''''''''''(''+66,'9.:'+66'''''0120)'''01322'''01745'''01)3+'''0172+'''036157'''00)102'''030162'''065155'''006132'''000166'''032157'''''''''''''''''''''''''''''''''''''''('''''''''''''''('''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''+60,',TN'+60'''''01207'''0132)'''01)36'''01)77'''0172*'''036136'''00+1)4'''036130'''003122'''063147'''00615)'''03210+'''''''''''''''''''''''('''''''''''''''''''''''''''''''('''''''''''''''''''''''''''''''''''(''''''Y((''''''''''''''''''''''''''''Y((''+63,'N;W'+63'''''0127)'''0132)'''01)72'''01)24'''017)3'''004142'''00)145'''030160'''000126'''00)13)'''062142'''033144''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(''''''''''''''''''''''''''''''(''+62,'N;W'+62'''''01225'''01336'''01)3)'''01)3*'''01773'''030142'''00+1))'''00415*'''064137'''0061+)'''06315+'''0321)6''''''''''''''''''''''''''''''''''''''''''''''''''''''Y(''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''('''''''''''Y(''+67,',;Z'+67'''''01235'''0137)'''01)6*'''01)00'''017+6'''032135'''00)1++'''030134'''06+103'''000167'''06415)'''032167''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''((''''''''''''''''''''''''''''''''''''''((''+6),'9\T'+6)'''''0123+'''01335'''01))4'''01)75'''01753'''0041)7'''00*125'''03617+'''0071)0'''007127'''0001)*'''03316+''''''''''''''''''''''''''''''''''''''Y('''''''''''''''(''''''''('''''''''''''''''''''''''((''''''''('''''''''''''''''''''''''''''(('
   	
    !
"!#$	
    ! 
%&'&(%)*+%&'&%%%%%,-...%%%,-//0%%%,-1/2%%%,-1.2%%%,-20/%%%,//-/3%%%,,&-&4%%%,/'-&/%%%,'0-3.%%%,,/-4,%%%,,,-'1%%%,//-3'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'3(%6(*%&'3%%%%%,-..&%%%,-/,1%%%,-1'1%%%,-1&&%%%,-2&,%%%,,4-4/%%%,,&-.3%%%,/'-..%%%,,/-1.%%%,,/-,2%%%,,/-34%%%,/.-.'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&'0(%89:%&'0%%%%%,-.,4%%%,-/.&%%%,-1,&%%%,-12'%%%,-2&1%%%,//-'1%%%,,1-..%%%,/'-03%%%,'4-/3%%%,'4-02%%%,'4-0'%%%,/.-0'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%5%%&'4(%)*;%&'4%%%%%,-./4%%%,-/,3%%%,-1/1%%%%%<%%%%%,-232%%%,/,-0'%%%,,1-0&%%%,/,-3,%%%%%%<%%%%%,,,-22%%%%%%<%%%%%,//-.0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%:=>?@A=<BC<D=>?@A=%E?>F?GH%IJD%1&3..03%<%KLM?G%(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%NMH=%1,%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<%%%%-----------------------------------------------------------------------------------------------------------------------------------%%%%:=>?@A=%%<<<<<<<<<<<<<%%%%%O<<<<<<<<<<%PJG@%E=GHFL>%<<<<<<<<<<Q%%%%O<<<<<<<<<<<<<<<<<<<<<<%PJG@%MGHE=>%<<<<<<<<<<<<<<<<<<<<<<Q%%RJ-%%8CS=%T=U%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%VMW%%%KLM?G%%%%GJ-%%%%K<R%%%%%K<X%%%%%K(<K%%%%K(<KP%%%R<K(%%%%K<R<K(%%%K(<K<R%%%K(<K<X%%KP<K(<K%%%R<K(<K%%R<K(<KP%%%X<K<R%%%%%%%%%%%@=Y%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<%%&,'(%TZ:%&,'%%%%%,-./.%%%,-/'0%%%,-1'2%%%,-243%%%,-22,%%%,/'-&4%%%,,3-/,%%%,/'-,0%%%,,,-11%%%,,,-2,%%%,'0-4,%%%,//-&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%5%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&,,(%[*Z%&,,%%%%%,-./2%%%,-//0%%%,-1,1%%%,-12,%%%,-224%%%,,4-01%%%,,3-''%%%,,4-4,%%%,'0-.4%%%,'0-34%%%,,.-13%%%,/.-'4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%5%%&,/(%)*R%&,/%%%%%,-..3%%%,-/./%%%,-1.1%%%,-1/,%%%,-224%%%,/'-1&%%%,,3-'.%%%,/'-./%%%,'4-0'%%%,,/-2&%%%,,,-,/%%%,//-&2%%&,.(%*Z+%&,.%%%%%,-../%%%,-/.'%%%,-1.'%%%,-1/2%%%,-2&4%%%,/'-/2%%%,,&-&,%%%,/'-'/%%%,'4-&.%%%,,,-.2%%%,,,-2'%%%,/.-.&%%&,2(%K;T%&,2%%%%%,-.22%%%,-/,4%%%,-1,1%%%,-110%%%,-214%%%,/,-&4%%%,,&-3.%%%,/'-,1%%%,,,-43%%%,,/-'4%%%,,/-/4%%%,/.-,/%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%5%%&,1(%(:)%&,1%%%%%,-./2%%%,-/,3%%%,-1.,%%%,-1.&%%%,-21.%%%,/,-.3%%%,,3-2/%%%,,4-12%%%,'4-02%%%,'4-/2%%%,,,-0.%%%,/.-'/%%&,&(%(TN%&,&%%%%%,-../%%%,-//1%%%,-243%%%,-120%%%,-230%%%,//-'3%%%,,1-01%%%,,4-4&%%%,'3-3,%%%,,,-/'%%%,,,-4'%%%,/2-,0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&,3(%(*(%&,3%%%%%,-.2&%%%,-/./%%%,-1.0%%%,-1.1%%%,-2&.%%%,//-,3%%%,,3-21%%%,,4-,2%%%,,,-21%%%,,/-1'%%%,'3-/1%%%,/.-2'%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%55%%&,0(%)*;%&,0%%%%%,-.2,%%%,-/.'%%%,-1.0%%%%%<%%%%%,-2&/%%%,/1-,2%%%,,0-/4%%%,,4-.,%%%%%%<%%%%%,,/-1/%%%%%%<%%%%%,//-.4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%755%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%755%%&,4(%[*Z%&,4%%%%%,-..4%%%,-/13%%%,-12.%%%,-114%%%,-210%%%,/2-01%%%,,1-3.%%%,/'-,&%%%,'4-'.%%%,'3-4.%%%,,,-&2%%%,/2-,,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&/'(%(:)%&/'%%%%%,-../%%%,-/,1%%%,-122%%%,-11,%%%,-213%%%,/,-1.%%%,,&-0&%%%,/'-1/%%%,,.-'&%%%,'4-41%%%,,,-'2%%%,//-13%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&/,(%6(*%&/,%%%%%,-../%%%,-/.1%%%,-1.,%%%,-120%%%,-213%%%,//-.4%%%,,1-&2%%%,/,-10%%%,,'-..%%%,'0-,1%%%,,/-20%%%,//-33%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&//(%[*Z%&//%%%%%,-./4%%%,-/.3%%%,-1.&%%%,-1,/%%%,-21&%%%,/,-14%%%,,1-&/%%%,/'-0.%%%,,,-&&%%%,'0-1/%%%,'4-01%%%,/.-12%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&/.(%VZ8%&/.%%%%%,-..2%%%,-/.2%%%,-11,%%%,-1/,%%%,-2.1%%%,/.-'1%%%,,2-00%%%,/,-04%%%,,'-..%%%,,,-/,%%%,'4-&'%%%,/.-/,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&/2(%[*Z%&/2%%%%%,-./.%%%,-/.'%%%,-1./%%%,-1'3%%%,-213%%%,/.-&1%%%,,&-1,%%%,,4-03%%%,,,-&/%%%,'1-.'%%%,,'-0,%%%,/.-11%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&/1(%89:%&/1%%%%%,-...%%%,-/23%%%,-12,%%%,-134%%%,-22.%%%,//-&1%%%,,&-,/%%%,/'-4&%%%,,,-&0%%%,,.-/&%%%,,'-11%%%,//-4/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&/&(%)*;%&/&%%%%%,-..,%%%,-/.2%%%,-1//%%%%%<%%%%%,-23/%%%,//-,.%%%,,3-3'%%%,,4-,4%%%%%%<%%%%%,,.-/1%%%%%%<%%%%%,/.-'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&/3(%(TN%&/3%%%%%,-..4%%%,-/./%%%,-1.&%%%,-124%%%,-2&2%%%,/.-21%%%,,&-.4%%%,/'-/&%%%,'0-,'%%%,,'-&0%%%,,.-,&%%%,/.-,4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%75%%%%%%%%%%%%%%%%%%%%75%%&/0(%(TR%&/0%%%%%,-..0%%%,-/2,%%%,-123%%%,-11/%%%,-2&.%%%,/,-&4%%%,,0-',%%%,,0-00%%%,,.-1'%%%,'0-0/%%%,'4-31%%%,//-43%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&/4(%*;T%&/4%%%%%,-..,%%%,-//3%%%,-1/'%%%,-1.&%%%,-22.%%%,//-1.%%%,,&-1.%%%,,4-,3%%%,'0-03%%%,,,-01%%%,,'-.'%%%,/2-.'%%&.'(%)*;%&.'%%%%%,-../%%%,-/.2%%%,-1,4%%%%%<%%%%%,-213%%%,/,-3/%%%,,&-1&%%%,,4-0,%%%%%%<%%%%%,,,-,.%%%%%%<%%%%%,/.-&'%%&.,(%89:%&.,%%%%%,-.21%%%,-/&1%%%,-122%%%,-1/1%%%,-21&%%%,/'-20%%%,,&-21%%%,/'-30%%%,,.-&0%%%,'4-'2%%%,,.-23%%%,//-&,%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%55%%&./(%(*(%&./%%%%%,-..3%%%,-/.&%%%,-1/4%%%,-2&1%%%,-2&0%%%,/'-10%%%,,&-'0%%%,/,-/0%%%,'4-2.%%%,,/-21%%%,,'-/'%%%,//-&2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%75%%&..(%[*Z%&..%%%%%,-./4%%%,-/.'%%%,-1/&%%%,-12'%%%,-2.4%%%,/,-.'%%%,,3-.'%%%,,4-&3%%%,,'-..%%%,'0-'3%%%,,,-/.%%%,/.-'/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&.2(%(*(%&.2%%%%%,-./4%%%,-/./%%%,-1,.%%%,-1,3%%%,-21.%%%,/,-.0%%%,,3-'3%%%,/'-12%%%,,'-'.%%%,,,-/2%%%,,,-',%%%,//-.0%%&.1(%[*Z%&.1%%%%%,-./'%%%,-//3%%%,-1.0%%%,-1/1%%%,-2&4%%%,/'-.2%%%,,3-..%%%,/'-'1%%%,,'-,/%%%,,/-2/%%%,,.-',%%%,//-11%
   	
    !
"!#$	
    ! 
%&'&(%)*+%&'&%%%%%,-'./%%%,-.,.%%%,-0,1%%%,-0,'%%%,-20/%%%,.,-03%%%,,&-4.%%%,,4-/.%%%,,3-2&%%%,34-42%%%,,,-.3%%%,.'-'0%%&'/(%(56%&'/%%%%%,-'.4%%%,-.'3%%%,-0,/%%%,-0./%%%,-201%%%,..-03%%%,,/-.0%%%,,4-&.%%%,34-13%%%,,3-,,%%%,,.-,1%%%,.'-,,%%&'1(%(56%&'1%%%%%,-''2%%%,-.34%%%,-0.0%%%,-0,,%%%,-2&0%%%,.,-04%%%,,1-2,%%%,.,-.,%%%,,3-.4%%%,,.-.'%%%,,3-/4%%%,.3-'1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%%%%%%%%%%87%%&'4(%9:;%&'4%%%%%,-',3%%%,-.,/%%%,-0'1%%%,-0'1%%%,-2/,%%%,,1-&/%%%,,&-02%%%,.,-.3%%%,,,-&'%%%,,'-33%%%,,,-,/%%%,..-..%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%&23(%6:*%&23%%%%%,-'.,%%%,-..2%%%,-0,2%%%%%<%%%%%,-20'%%%,.3-01%%%,,1-&,%%%,,1-//%%%%%%<%%%%%,,1-,0%%%%%%<%%%%%,..-&,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%87%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%&2,(%9:;%&2,%%%%%,-'22%%%,-..,%%%,-0'/%%%,-0&4%%%,-2/'%%%,.,-3&%%%,,/-3&%%%,.3-1'%%%,,,-34%%%,,3-4/%%%,,.-1&%%%,..-,,%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%5=>?@A=<BC<D=>?@A=%E?>F?GH%IJD%0&/''1/%<%)KL?G%(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%MLH=%0.%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<%%%%-----------------------------------------------------------------------------------------------------------------------------------%%%%5=>?@A=%%<<<<<<<<<<<<<%%%%%N<<<<<<<<<<%OJG@%E=GHFK>%<<<<<<<<<<P%%%%N<<<<<<<<<<<<<<<<<<<<<<%OJG@%LGHE=>%<<<<<<<<<<<<<<<<<<<<<<P%%QJ-%%RCS=%+=T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ULV%%%)KL?G%%%%GJ-%%%%)<Q%%%%%)<W%%%%%)(<)%%%%)(<)O%%%Q<)(%%%%)<Q<)(%%%)(<)<Q%%%)(<)<W%%)O<)(<)%%%Q<)(<)%%Q<)(<)O%%%W<)<Q%%%%%%%%%%%@=X%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<%%&2.(%MY;%&2.%%%%%,-'.'%%%,-.2.%%%,-0''%%%,-0'4%%%,-20.%%%,..-31%%%,,&-0'%%%,.3-22%%%,31-/3%%%,31-3/%%%,,3-0.%%%,.'-3.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&2'(%6:*%&2'%%%%%,-'''%%%,-.'/%%%,-0.,%%%%%<%%%%%,-2&4%%%,.,-44%%%,,&-3.%%%,.3-12%%%%%%<%%%%%,,,-/3%%%%%%<%%%%%,.'-,2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&22(%6:Z%&22%%%%%,-'.4%%%,-..4%%%,-0'3%%%,-0.2%%%,-2&.%%%,..-11%%%,,&-32%%%,.3-,.%%%,,3-3.%%%,,.-&1%%%,34-,'%%%,.'-1.%%&20(%(+Q%&20%%%%%,-''.%%%,-..4%%%,-0.,%%%,-0'0%%%,-204%%%,.'-22%%%,,1-/2%%%,,4-32%%%,3/-.&%%%,,&-2'%%%,34-&,%%%,..-.3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%7%%%%%%%87%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%&2&(%6:Z%&2&%%%%%,-''3%%%,-.22%%%,-0'&%%%,-0'2%%%,-2&&%%%,,4-4'%%%,,2-24%%%,.,-03%%%,,,-.4%%%,,2-,3%%%,,.-2/%%%,.'-41%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%7%%&2/(%6:Z%&2/%%%%%,-''2%%%,-.'3%%%,-0.4%%%,-0'4%%%,-20.%%%,..-13%%%,,&-03%%%,.3-44%%%,,3-42%%%,34-1.%%%,,,-.,%%%,..-03%%&21(%[(:%&21%%%%%,-'.2%%%,-.2,%%%,-0.4%%%,-0&3%%%,-20&%%%,.3-1'%%%,,&-&4%%%,,4-44%%%,,,-33%%%,,,-4'%%%,,,-'/%%%,.'-'.%%&24(%(:(%&24%%%%%,-''4%%%,-.22%%%,-0'3%%%,-0'2%%%,-21'%%%,.'-3'%%%,,0-/4%%%,.3-1,%%%,,3-23%%%,,.-/&%%%,,3-&2%%%,.'-'4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&03(%(+M%&03%%%%%,-'',%%%,-..'%%%,-0'4%%%,-0'0%%%,-204%%%,..-.0%%%,,/-.'%%%,.3-40%%%,,3-,4%%%,,,-1.%%%,34-4,%%%,.,-1,%%&0,(%(56%&0,%%%%%,-'.&%%%,-.'3%%%,-0./%%%,-0.3%%%,-2&3%%%,.3-44%%%,,&-01%%%,.3-.4%%%,34-&&%%%,,3-4/%%%,,3-0/%%%,.'-,'%%&0.(%(:(%&0.%%%%%,-''.%%%,-.'3%%%,-0.,%%%,-03&%%%,-2&2%%%,..-01%%%,,&-''%%%,.3-'/%%%,,,-.3%%%,34-4'%%%,,3-'4%%%,.'-'3%%&0'(%R*5%&0'%%%%%,-''.%%%,-..2%%%,-0,/%%%,-0./%%%,-2/2%%%,.'-3&%%%,,&-1.%%%,.3-02%%%,34-,3%%%,,'-33%%%,34-2&%%%,..-&,%%&02(%RY5%&02%%%%%,-',/%%%,-.'3%%%,-0.3%%%,-002%%%,-202%%%,,4-44%%%,,&-/4%%%,,4-11%%%,3/-,/%%%,3&-10%%%,,.-01%%%,.'-.&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%%%%%%%%%%%%%%%%%%%%%%%%%%%%87%%&00(%6:*%&00%%%%%,-'',%%%,-../%%%,-0.,%%%%%<%%%%%,-20.%%%,..-'&%%%,,&-1.%%%,,4-1.%%%%%%<%%%%%,34-13%%%%%%<%%%%%,.'-'0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&0&(%(56%&0&%%%%%,-''/%%%,-.''%%%,-02&%%%,-02/%%%,-2&1%%%,.'-,4%%%,,&-,0%%%,.3-30%%%,34-'3%%%,,3-'2%%%,34-41%%%,.'-/4%%&0/(%6:Z%&0/%%%%%,-''&%%%,-.'2%%%,-0.2%%%,-0',%%%,-2'2%%%,.'-.1%%%,,0-03%%%,.,-,2%%%,31-33%%%,,'-/.%%%,,3-,&%%%,.'-''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&01(%MY;%&01%%%%%,-'.&%%%,-.2&%%%,-0,4%%%,-0,4%%%,-20/%%%,.'-.4%%%,,&-21%%%,,4-10%%%,31-4.%%%,,,-33%%%,31-44%%%,.'-&/%%&04(%(+M%&04%%%%%,-''&%%%,-.''%%%,-0,4%%%,-0.4%%%,-2&0%%%,.3-21%%%,,&-&4%%%,.3-',%%%,34-2.%%%,34-//%%%,,.-/3%%%,..-44%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%7%%&&3(%(+M%&&3%%%%%,-'.4%%%,-.''%%%,-0.2%%%,-0.1%%%,-2&2%%%,.3-,1%%%,,/-/2%%%,,4-2&%%%,,.-.2%%%,,2-&2%%%,,,-'0%%%,..-/4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&&,(%:;Z%&&,%%%%%,-''2%%%,-.'/%%%,-0'4%%%,-00,%%%,-2/,%%%,.,-,4%%%,,1-'/%%%,,1-'/%%%,3/-0,%%%,3/-/2%%%,31-14%%%,.'-,&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%%%7%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&&.(%M5W%&&.%%%%%,-'0,%%%,-.'.%%%,-0'4%%%,-0'1%%%,-2/,%%%,.3-02%%%,,&-,/%%%,,4-02%%%,,.-02%%%,,,-,4%%%,3'-0'%%%,.2-.1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%87%%%%%%%%%%%87%%&&'(%:;Z%&&'%%%%%,-''/%%%,-.23%%%,-02.%%%,-000%%%,-2&4%%%,./-4,%%%,,&-,'%%%,.,-'2%%%,,.-3,%%%,,2-.4%%%,3&-,'%%%,..-0.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%777%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%7%%%%%%877%%%%%%%%%%%%%%%%%%%777%%&&2(%(:(%&&2%%%%%,-'',%%%,-.2.%%%,-0'3%%%,-023%%%,-2/.%%%,.,-'2%%%,,0-22%%%,.3-4'%%%,,3-2.%%%,,.-''%%%,,3-&0%%%,.'-&.%%&&0(%6:Z%&&0%%%%%,-''.%%%,-../%%%,-0.&%%%,-0,0%%%,-22&%%%,..-,4%%%,,&-1/%%%,,4-41%%%,34-/1%%%,,,-/.%%%,,3-.,%%%,.'-,0%%&&&(%6:Q%&&&%%%%%,-'',%%%,-.''%%%,-0.1%%%,-0.&%%%,-2/1%%%,..-32%%%,,&-2&%%%,.,-34%%%,3/-/'%%%,,,-,4%%%,,3-42%%%,..-20%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&&/(%(56%&&/%%%%%,-'.&%%%,-.'.%%%,-0.2%%%,-0.'%%%,-2&&%%%,.,-3/%%%,,0-2&%%%,.3-&4%%%,,3-'2%%%,,3-3'%%%,,3-.4%%%,.'-12%%&&1(%6:Z%&&1%%%%%,-'.1%%%,-.'0%%%,-020%%%,-0'/%%%,-201%%%,.2-,/%%%,,&-&2%%%,.3-//%%%,,.-/3%%%,,3-1'%%%,3/-/,%%%,..-0&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%87%%%%%%%%%%%%%%%%%%%%87%%&&4(%(:(%&&4%%%%%,-''.%%%,-.,3%%%,-0'.%%%,-0'2%%%,-2&1%%%,.,-/4%%%,,/-,/%%%,.3-/4%%%,,3-04%%%,,.-3&%%%,,3-1,%%%,..-3'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%7%%&/3(%)*+%&/3%%%%%,-'.3%%%,-.2.%%%,-0,'%%%,-0./%%%,-22&%%%,.,-/4%%%,,&-/1%%%,.3-1'%%%,,3-32%%%,,.-&.%%%,,3-23%%%,..-'1%%&/,(%(56%&/,%%%%%,-'.4%%%,-.'0%%%,-02,%%%,-0'0%%%,-20,%%%,,4-,,%%%,,/-,4%%%,.3-'0%%%,,'-/'%%%,,,-4'%%%,,,-'/%%%,..-2.%
   	
    !
"!#$	
    !  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%()*+%+,-%()*%%%%%./000%%%./*0(%%%./12)%%%./12)%%%./2)3%%%.*./(1%%%..)/12%%%.*4/44%%%..4/)2%%%..(/0.%%%.../*.%%%.**/2(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%()0+%+5+%()0%%%%%./0*6%%%./*2.%%%./1*1%%%./14)%%%./2))%%%.*./63%%%..1/)6%%%.*4/6)%%%.46/*2%%%..*/(*%%%..4/))%%%.*0/**%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%()2+%789%()2%%%%%./00*%%%./**(%%%./1*.%%%./1.1%%%./22(%%%.*./1.%%%..(/1*%%%.*4/(*%%%..4/6)%%%..*/1.%%%.46/.*%%%.**/31%%()1+%789%()1%%%%%./0*)%%%./**6%%%./1.)%%%./1.0%%%./222%%%.*./(0%%%..(/00%%%.*4/41%%%.46/)2%%%..4/(2%%%.46/*(%%%.*0/(.%%()(+%:;<%()(%%%%%./00*%%%./*(0%%%./1*(%%%./10*%%%./2).%%%.*0/**%%%..(/(.%%%..3/63%%%..4/31%%%.46/43%%%..4/*0%%%.*2/0*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%,=>?@A=BCDBE=>?@A=%F?>G?HI%JKE%1()003)%B%7LM?H%+%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%:MI=%10%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%%%%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%%%,=>?@A=%%BBBBBBBBBBBBB%%%%%NBBBBBBBBBB%OKH@%F=HIGL>%BBBBBBBBBBP%%%%NBBBBBBBBBBBBBBBBBBBBBB%OKH@%MHIF=>%BBBBBBBBBBBBBBBBBBBBBBP%%QK/%%RDS=%9=T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%UMV%%%7LM?H%%%%HK/%%%%7BQ%%%%%7BW%%%%%7+B7%%%%7+B7O%%%QB7+%%%%7BQB7+%%%7+B7BQ%%%7+B7BW%%7OB7+B7%%%QB7+B7%%QB7+B7O%%%WB7BQ%%%%%%%%%%%@=X%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%%())+%+5+%())%%%%%./020%%%./*.0%%%./10(%%%./26*%%%./2)4%%%.*0/11%%%..(/()%%%.*4/*3%%%.43/1.%%%..4/40%%%..4/4.%%%.**/6)%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%()3+%+,-%()3%%%%%./0*6%%%./*0.%%%./11(%%%./11(%%%./2(0%%%.*0/4.%%%..)/4)%%%..6/6(%%%.../62%%%..0/46%%%.../34%%%.**/3)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%()6+%Y+5%()6%%%%%./006%%%./**6%%%./120%%%./116%%%./2(4%%%.*2/12%%%..1/*.%%%.*4/(6%%%.43/(3%%%..*/.4%%%..*/42%%%.*2/43%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(34+%-5Z%(34%%%%%./003%%%./*0*%%%./111%%%./12)%%%./2(6%%%.*(/*0%%%..6/..%%%..3/41%%%.../.0%%%..0/*6%%%.4)/*3%%%.**/)6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%'&&%%%%%%%%&%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%'&&%%(3.+%:,W%(3.%%%%%./013%%%./*00%%%./122%%%./103%%%./23(%%%.*0/4.%%%..)/2(%%%..6/.4%%%.../2)%%%..)/0)%%%.42/.)%%%.*0/06%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%&&%%(3*+%9<,%(3*%%%%%./02*%%%./*00%%%./1*)%%%./12*%%%./2(6%%%.*(/*0%%%..)/2)%%%.*4/41%%%..0/.*%%%.../*3%%%.4(/)0%%%.**/23%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&&%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%'&&%%(30+%;[9%(30%%%%%./004%%%./*03%%%./100%%%./104%%%./2).%%%.*4/(.%%%..)/6.%%%.*4/1)%%%..4/**%%%..0/03%%%..4/(4%%%.*./1*%%(32+%589%(32%%%%%./0*)%%%./**3%%%./1.3%%%./100%%%./2(1%%%..6/.)%%%..)/46%%%.*4/46%%%.46/0*%%%.46/1(%%%..0/00%%%.**/3.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%'&%%(31+%9<,%(31%%%%%./000%%%./*01%%%./1.(%%%./1*.%%%./2).%%%.*4/1.%%%..)/.0%%%..6/01%%%.43/10%%%..2/2(%%%.../*3%%%.*0/1*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(3(+%589%(3(%%%%%./0*6%%%./**4%%%./100%%%./10.%%%./21*%%%.*./32%%%..(/11%%%.*4/)2%%%.46/.*%%%.46/32%%%.../.)%%%.**/).%%(3)+%[5<%(3)%%%%%./0*(%%%./*04%%%./102%%%./10(%%%./221%%%.*./.2%%%..(/((%%%.*4/1(%%%..*/(2%%%.43/.)%%%.../16%%%.**/(*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(33+%Y+5%(33%%%%%./0*)%%%./*.(%%%./103%%%./122%%%./21*%%%.*4/26%%%..3/41%%%..6/03%%%..4/)4%%%..*/*2%%%..*/.)%%%.**/1.%%(36+%-5Z%(36%%%%%./001%%%./*02%%%./1.)%%%./1*.%%%./2()%%%.**/04%%%..(/(2%%%..6/32%%%.43/)*%%%.../1(%%%.../3(%%%.*0/1.%%(64+%R8,%(64%%%%%./001%%%./*0(%%%./1.1%%%./1*.%%%./213%%%.*./13%%%..)/(0%%%..6/10%%%.46/61%%%..0/42%%%..*/1(%%%.**/3.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%(6.+%5<Z%(6.%%%%%./0**%%%./*02%%%./1.0%%%./1*0%%%./2()%%%.*4/)*%%%..(/2*%%%.*4/26%%%.46/1*%%%..4/30%%%..4/).%%%.*0/46%%(6*+%-5Q%(6*%%%%%./00*%%%./*.0%%%./1.3%%%./10*%%%./2)*%%%.*./)3%%%..)/60%%%..6/61%%%.46/*2%%%..4/06%%%..*/02%%%.**/.*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%(60+%9<,%(60%%%%%./0*6%%%./*.2%%%./104%%%./1*6%%%./2(2%%%..6/22%%%..6/4*%%%..6/0)%%%.46/34%%%..*/1.%%%..*/.6%%%.*./16%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(62+%R8,%(62%%%%%./0*6%%%./**6%%%./126%%%./10)%%%./2(6%%%.*4/04%%%..)/(2%%%..6/42%%%.46/)2%%%.46/60%%%.43/01%%%.*0/04%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%(61+%+9:%(61%%%%%./021%%%./*0*%%%./12(%%%./1(.%%%./2)4%%%.*)/1.%%%..3/2*%%%..6/.4%%%.../4*%%%..0/2*%%%..1/32%%%.**/23%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&%%%%%%'&%%%%%%%%%%%%%%&&&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%&&&%%%%%%%%%%%%%%%%%%%&&&%%(6(+%-5Z%(6(%%%%%./02*%%%./*02%%%./10)%%%./124%%%./2(4%%%.**/1.%%%..1/3*%%%.*4/4(%%%..*/)1%%%.../4(%%%..4/()%%%.*2/.*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(6)+%[5<%(6)%%%%%./006%%%./**4%%%./1*6%%%./1(.%%%./21(%%%.*2/)4%%%..1/6*%%%.*4/)*%%%.46/46%%%.4)/2*%%%..*/*(%%%.*0/*6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'&%%(63+%R;,%(63%%%%%./00*%%%./*46%%%./1.3%%%./11*%%%./2(4%%%.*./23%%%..1/6(%%%.*4/()%%%.43/24%%%..*/2*%%%.../01%%%.*0/01%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%(66+%+5+%(66%%%%%./0*2%%%./*22%%%./11*%%%./103%%%./2(3%%%.*./26%%%..(/((%%%.*4/01%%%.../.)%%%.43/1)%%%.46/62%%%.**/66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%)44+%U<R%)44%%%%%./002%%%./*.1%%%./106%%%./1*6%%%./22.%%%.*./36%%%..)/)2%%%.*4/66%%%.../3.%%%.43/00%%%.43/(4%%%.*./*(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%&%%)4.+%R;,%)4.%%%%%./0.)%%%./**)%%%./10)%%%./1*3%%%./22(%%%..6/(6%%%..(/4)%%%.*4/*.%%%.../44%%%..4/)1%%%.../14%%%.*0/(3%
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'()*%+,-%'()%%%%%./0)'%%%./)01%%%./2)3%%%%%4%%%%%./525%%%.))/3.%%%..'/5.%%%.)./(6%%%%%%4%%%%%..)/33%%%%%%4%%%%%.)./20%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'(0*%*78%'(0%%%%%./00)%%%./)01%%%./252%%%./225%%%./566%%%..3/(6%%%..'/61%%%..1/('%%%..(/20%%%..5/01%%%..2/21%%%.)0/)5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%9&&%%%%%%%%%%%%%%%%%%%9&&%%'(5*%+,-%'(5%%%%%./00'%%%./)00%%%./206%%%%%4%%%%%./565%%%.)5/(3%%%..6/'.%%%.)./)5%%%%%%4%%%%%..(/.3%%%%%%4%%%%%.)./1'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%'(2*%:*,%'(2%%%%%./05(%%%./))3%%%./252%%%./26(%%%./563%%%.)5/')%%%..2/35%%%.)(/)1%%%.(1/26%%%..(/30%%%.../.'%%%.)0/60%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%'(6*%*7;%'(6%%%%%./003%%%./))1%%%./203%%%./255%%%./566%%%.)6/50%%%..'/32%%%..3/50%%%.(1/3'%%%..5/6.%%%..(/(5%%%.)0/'.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&&%%%<=>?@A=4BC4D=>?@A=%E?>F?GH%IJD%26'003'%4%KLM?G%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%8MH=%25%4444444444444444444444444444444444444444%%%%///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////%%%%<=>?@A=%%4444444444444%%%%%N4444444444%OJG@%E=GHFL>%4444444444P%%%%N4444444444444444444444%OJG@%MGHE=>%4444444444444444444444P%%;J/%%QCR=%7=S%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%TMU%%%KLM?G%%%%GJ/%%%%K4;%%%%%K4V%%%%%K*4K%%%%K*4KO%%%;4K*%%%%K4;4K*%%%K*4K4;%%%K*4K4V%%KO4K*4K%%%;4K*4K%%;4K*4KO%%%V4K4;%%%%%%%%%%%@=W%44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444%%'('*%*78%'('%%%%%./001%%%./))5%%%./2))%%%./203%%%./565%%%.)0/61%%%..6/''%%%.)(/.)%%%.../0(%%%..)/66%%%..0/1'%%%.)0/.(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%&&%%'(3*%*,*%'(3%%%%%./005%%%./)55%%%./202%%%./2)3%%%./52)%%%.)./'5%%%..3/30%%%..3/)6%%%..(/'3%%%..5/50%%%..)/.)%%%.))/1)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%'(1*%8<V%'(1%%%%%./06)%%%./)((%%%./2.1%%%./252%%%./56'%%%..2/63%%%..3/61%%%..1/0)%%%..(/.6%%%..)/32%%%.(0/3)%%%.)./1'%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%9&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%'.(*%*,*%'.(%%%%%./0)2%%%./))(%%%./51'%%%./2).%%%./566%%%..1/2.%%%..6/33%%%..1/10%%%..(/(6%%%.(1/16%%%.../'5%%%.)0/.3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'..*%,XY%'..%%%%%./00.%%%./)0'%%%./2))%%%./202%%%./556%%%.)./)6%%%..'/(5%%%..1/)3%%%.(3/5.%%%..(/6'%%%.../60%%%.)0/22%%'.)*%,-7%'.)%%%%%./053%%%./)0(%%%./253%%%./252%%%./52'%%%.))/06%%%..'/1(%%%..1/)0%%%..)/06%%%..)/20%%%.(1/52%%%.))/36%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'.0*%,-7%'.0%%%%%./05(%%%./)0)%%%./205%%%./25.%%%./563%%%.)5/(5%%%..'/).%%%..3/3.%%%..(/5)%%%..0/52%%%.(1/13%%%.)0/16%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'.5*%*,*%'.5%%%%%./001%%%./)0(%%%./203%%%./203%%%./56(%%%.)0/11%%%..6/.5%%%..1/12%%%..(/25%%%.../62%%%.(3/'(%%%.)0/32%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%&%%'.2*%+,Y%'.2%%%%%./05(%%%./)))%%%./20.%%%./253%%%./562%%%.)5/5.%%%..'/(3%%%..1/10%%%.(1/2)%%%.(1/'1%%%.(1/'0%%%.))/1'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%'.6*%Z,X%'.6%%%%%./05(%%%./)52%%%./200%%%./223%%%./56)%%%.)./(0%%%..6/)(%%%.)(/2'%%%.(3/50%%%.../23%%%..0/.(%%%.)0/)0%%'.'*%+,-%'.'%%%%%./00'%%%./)5'%%%./2).%%%%%4%%%%%./55.%%%.)(/''%%%..6/(2%%%.)(/51%%%%%%4%%%%%.(1/)0%%%%%%4%%%%%.)0/56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'.3*%Z,X%'.3%%%%%./0)1%%%./))0%%%./2()%%%./2')%%%./555%%%.)./20%%%..2/0(%%%.)(/61%%%.(1/3(%%%..(/2)%%%..)/65%%%.)5/(.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%'.1*%*,*%'.1%%%%%./0)5%%%./)2.%%%./2..%%%./2(1%%%./553%%%.)0/00%%%..2/('%%%.)./31%%%..(/(6%%%..)/0'%%%..(/.5%%%.)0/()%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%')(*%TXQ%')(%%%%%./0)5%%%./)0.%%%./20(%%%./2)6%%%./552%%%.)./)'%%%..6/0'%%%.)./0.%%%..)/.2%%%..(/((%%%.(1/20%%%.))/0.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%').*%+,-%').%%%%%./0)(%%%./))'%%%./250%%%%%4%%%%%./5'.%%%.)./'5%%%..'/35%%%..1/6(%%%%%%4%%%%%..)/(0%%%%%%4%%%%%.))/01%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%'))*%7X<%'))%%%%%./05)%%%./)0)%%%./222%%%./253%%%./565%%%.)5/30%%%..1/(5%%%..3/60%%%..)/.(%%%..0/)2%%%.(3/(2%%%.))/)1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%9&%%%%%%%%&%%%%%%%%&%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%9&%%')0*%+,-%')0%%%%%./05.%%%./)00%%%./206%%%%%4%%%%%./565%%%.)5/00%%%..2/13%%%.)./2)%%%%%%4%%%%%.../2(%%%%%%4%%%%%.))/51%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&&%%')5*%Q[<%')5%%%%%./001%%%./)51%%%./2)1%%%./262%%%./566%%%.)5/3(%%%..5/61%%%.))/(1%%%.(6/3'%%%..(/26%%%.(1/0(%%%.)0/))%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9&%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%9&%%')2*%*,*%')2%%%%%./0).%%%./)0)%%%./255%%%./2)3%%%./500%%%.)./51%%%..'/36%%%.)(/.3%%%.../(1%%%.../)6%%%.(1/20%%%.)./16%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%')6*%:*,%')6%%%%%./0)1%%%./))3%%%./2)'%%%./2)1%%%./525%%%.)(/(2%%%..6/'1%%%.)(/30%%%..)/5(%%%..(/0)%%%.../'6%%%.))/00%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%')'*%*,*%')'%%%%%./0)1%%%./)25%%%./2)3%%%./205%%%./525%%%.)./('%%%..6/02%%%.)(/)3%%%..(/2)%%%.(1/31%%%.../(5%%%.)0/02%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&%
   	
    !
"!#$	
    ! %
&'()*&+,-&'()&&&&&./001&&&./(((&&&./1.)&&&./101&&&./21)&&&.(3/3)&&&..'/24&&&..4/5)&&&.../(3&&&.../)0&&&..0/01&&&.((/''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&67&&'(4*&89:&'(4&&&&&./003&&&./((1&&&./100&&&./1()&&&./22'&&&..4/33&&&..'/3'&&&.(3/5(&&&.3)/1'&&&..(/42&&&.../).&&&.((/03&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&'03*&*+*&'03&&&&&./0((&&&./(03&&&./12.&&&./12.&&&./252&&&.(./5(&&&..'/2)&&&..)/4.&&&.34/0(&&&..(/..&&&.3'/)5&&&.(0/11&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&67&&'0.*&-;:&'0.&&&&&./00)&&&./(00&&&./123&&&./121&&&./21'&&&.(2/).&&&..1/43&&&.(3/04&&&..0/0(&&&.../0(&&&.3'/2'&&&.(0/5'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&67&&'0(*&<+=&'0(&&&&&./001&&&./(21&&&./123&&&./12(&&&./25(&&&.(2/35&&&..5/.)&&&.(3/23&&&..3/'1&&&..3/24&&&.3)/52&&&.(0/05&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'00*&>;8&'00&&&&&./00(&&&./(04&&&./1()&&&./12'&&&./224&&&.(./42&&&..1/10&&&.(3/41&&&.../15&&&.34/4)&&&..3/32&&&.(0/2)&&'02*&?*+&'02&&&&&./0(1&&&./(2(&&&./1(3&&&./1.3&&&./204&&&.(./4(&&&..5/1.&&&.(3/0'&&&.34/.(&&&.3)/12&&&..3/10&&&.(0/.3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'01*&+;=&'01&&&&&./00.&&&./(0(&&&./135&&&./1(0&&&./22)&&&.(3/02&&&..5/20&&&..4/5(&&&.3)/21&&&.35/41&&&.../0.&&&.(0/42&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&&&&&&&&&&&&&&&&&&&&&&&&&&&&67&&&:@ABCD@EFGEH@ABCD@&IBAJBKL&MNH&15'00)'&E&OPQBK&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&RQL@&11&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&&&&///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////&&&&:@ABCD@&&EEEEEEEEEEEEE&&&&&SEEEEEEEEEE&TNKC&I@KLJPA&EEEEEEEEEEU&&&&SEEEEEEEEEEEEEEEEEEEEEE&TNKC&QKLI@A&EEEEEEEEEEEEEEEEEEEEEEU&&VN/&&8GW@&-@X&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&>QY&&&OPQBK&&&&KN/&&&&OEV&&&&&OEZ&&&&&O*EO&&&&O*EOT&&&VEO*&&&&OEVEO*&&&O*EOEV&&&O*EOEZ&&OTEO*EO&&&VEO*EO&&VEO*EOT&&&ZEOEV&&&&&&&&&&&C@[&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&&'05*&*+*&'05&&&&&./000&&&./(()&&&./120&&&./105&&&./250&&&.((/23&&&..5/23&&&..4/01&&&..3/(3&&&..2/55&&&.3)/0.&&&.(2/(1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'0'*&*-R&'0'&&&&&./00'&&&./(03&&&./122&&&./112&&&./252&&&.(1/)4&&&..)/.5&&&..)/(4&&&.34/.1&&&..(/0(&&&.../15&&&.(0/2(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&77&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&77&&'0)*&*-R&'0)&&&&&./022&&&./(('&&&./11.&&&./115&&&./2'4&&&.(5/)1&&&..)/3.&&&..4/0.&&&..3/35&&&..2/'0&&&..2/1(&&&.((/5)&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&7&&&&&&&7&&&&&&&7&&&&&&677&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&77&&&&&&&&&&&&&&&&&&&677&&'04*&*-V&'04&&&&&./004&&&./((.&&&./1(.&&&./11(&&&./251&&&.(5/0'&&&..5/15&&&.(3/13&&&.34/.0&&&..0/.2&&&.35/)4&&&.((/40&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&677&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&77&&&&&&&&&&&&&&&&&&&677&&'23*&R9;&'23&&&&&./00.&&&./(25&&&./10)&&&./10(&&&./254&&&.((/)0&&&..5/21&&&.(3/)'&&&..3/32&&&..0/(0&&&.34/13&&&.((/51&&'2.*&-;:&'2.&&&&&./002&&&./(.2&&&./1(4&&&./1(2&&&./255&&&.(./.0&&&..1/13&&&.(./1'&&&.../0(&&&..3/2'&&&..3/'1&&&.((/)'&&'2(*&89:&'2(&&&&&./0(.&&&./(0)&&&./102&&&./2).&&&./220&&&.(./)3&&&..'/2'&&&.(3/10&&&.../3)&&&.../4.&&&..3/3.&&&.(./40&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&77&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&77&&'20*&\+;&'20&&&&&./0(2&&&./(()&&&./1(1&&&./12.&&&./25(&&&..4/41&&&..1/40&&&.(3/23&&&.3)/'0&&&.../03&&&..(/(5&&&.(0/51&&'22*&?*+&'22&&&&&./000&&&./(('&&&./10(&&&./114&&&./22'&&&.((/3(&&&..5/01&&&.(3/32&&&.../42&&&.34/15&&&..0/04&&&.(0/14&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'21*&*+*&'21&&&&&./003&&&./((2&&&./1(4&&&./1(3&&&./225&&&.((/2'&&&..'/42&&&..4/14&&&..3/21&&&..(/(5&&&..3/1'&&&.((/2'&&'25*&*+*&'25&&&&&./023&&&./((5&&&./1.1&&&./1(4&&&./21.&&&.(3/24&&&..'/51&&&..4/'2&&&..3/((&&&.../3(&&&.../43&&&.((/53&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'2'*&?*+&'2'&&&&&./003&&&./((4&&&./1()&&&./10(&&&./21(&&&.(3/)4&&&..1/((&&&.(./3)&&&.../((&&&..3/5.&&&..(/.1&&&.(0/'3&&'2)*&<+=&'2)&&&&&./0('&&&./(.1&&&./1()&&&./1(4&&&./212&&&.(0/00&&&..5/(.&&&.(3/5.&&&..3/50&&&.3)/0(&&&..3/(.&&&.(0/.5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'24*&<+=&'24&&&&&./0('&&&./((2&&&./1(5&&&./1(5&&&./222&&&.((/)1&&&..5/.3&&&.(./.)&&&..3/5.&&&..3/10&&&.3)/4'&&&.((/'(&&'13*&<+,&'13&&&&&./0(2&&&./(.)&&&./1.(&&&&&E&&&&&./253&&&.((/.4&&&..1/)(&&&.(./00&&&&&&E&&&&&.34/'4&&&&&&E&&&&&.((/)1&&'1.*&*:<&'1.&&&&&./0((&&&./(03&&&./104&&&./1(1&&&./223&&&.(./3)&&&..5/2'&&&.(3/1)&&&..(/.1&&&..3/51&&&..3/5)&&&.((/43&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'1(*&*+*&'1(&&&&&./0('&&&./(20&&&./102&&&./10(&&&./25'&&&.(./10&&&..5/0'&&&.(3/5)&&&.../)5&&&.../5.&&&.../05&&&.((/4(&&'10*&\+;&'10&&&&&./005&&&./(04&&&./1((&&&./100&&&./225&&&.(3/(1&&&..5/)'&&&.(3/.'&&&.../10&&&.3)/10&&&..(/13&&&.((/4(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'12*&8,:&'12&&&&&./0(4&&&./(03&&&./1(0&&&./1.)&&&./25.&&&..4/))&&&..5/'0&&&..4/)'&&&.3)/2(&&&..0/.4&&&..(/4(&&&.(0/0)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'11*&*-V&'11&&&&&./0()&&&./(.0&&&./11.&&&./103&&&./212&&&.(./2(&&&..5/51&&&.(3/43&&&..(/..&&&..(/5'&&&.34/52&&&.((/21&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'15*&*-V&'15&&&&&./0('&&&./(23&&&./1(5&&&./1.)&&&./20.&&&.((/.4&&&..'/.1&&&..4/42&&&..3/2.&&&..(/)2&&&..3/(0&&&.((/4.&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'1'*&>;8&'1'&&&&&./00.&&&./(.4&&&./1.5&&&./10)&&&./213&&&..4/4.&&&..5/')&&&..4/))&&&.34/')&&&..3/('&&&..(/41&&&.(0/02&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&7&&'1)*&+,-&'1)&&&&&./00(&&&./(.4&&&./1(3&&&./1.'&&&./252&&&.(./51&&&..5/(.&&&.(./(5&&&.34/.4&&&.../')&&&.../22&&&.((/1.&&'14*&<+V&'14&&&&&./0(.&&&./(0'&&&./101&&&./1(4&&&./213&&&..4/10&&&..)/3(&&&.(3/.4&&&..0/4.&&&..3/2'&&&.../2'&&&.(./'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&&&&&&&&&&&&&&&&&&&&&&&&77&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&77&
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%%%-./0&%%%-.0/-%%%-.12(%%%-.12(%%%-.213%%%--&./4%%%--&.'(%%%-0(.--%%%--/.&3%%%--2.14%%%--/.'-%%%-00.04%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%65%%%%%%%%5%%%%%%%65%%%%%%%%%%%%%%%%%%%%55%%&'-)%78,%&'-%%%%%-./02%%%-.000%%%-.102%%%-.12-%%%-.2/4%%%-0(.03%%%--'./'%%%-0(.24%%%---./'%%%--(.3(%%%---.34%%%-0/.-2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'0)%)9:%&'0%%%%%-./-4%%%-.00-%%%-.1/-%%%-.1/(%%%-.210%%%-00.'&%%%--'.1'%%%-0(.03%%%---.'3%%%---.20%%%-(4.40%%%-0/.--%%&'/)%;<9%&'/%%%%%-./03%%%-.0-'%%%-.10/%%%-.1-'%%%-.213%%%-00.1/%%%--&.04%%%--4.3-%%%-(3.10%%%--2.23%%%--(.-0%%%-00.3&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'2)%8,=%&'2%%%%%-.///%%%-.0-3%%%-.1((%%%-.1-4%%%-.22-%%%-0-.0'%%%--&.2&%%%-0(.-(%%%---./'%%%-(4.'0%%%---.-1%%%-00.2(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&'1)%78,%&'1%%%%%-./0/%%%-.0-2%%%-.1-1%%%-.1/4%%%-.214%%%--4.('%%%--1.11%%%-0(.3-%%%--2.(1%%%-(4./2%%%--0./4%%%-0/.'0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%55%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%55%%&'')%>,9%&''%%%%%-./0-%%%-.0/2%%%-.11-%%%-.1/'%%%-.21&%%%-0/.3&%%%--'.2/%%%-0-.1-%%%--0.(3%%%--/.(4%%%-(&.31%%%-00.(2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%65%%%%%%%%%%%%%%%%%%%%65%%&'&)%>,9%&'&%%%%%-./0&%%%-.0-&%%%-.10/%%%-.102%%%-.210%%%-0-.30%%%--&.01%%%-0(.(4%%%-(4.-2%%%--0.3&%%%--(.((%%%-00.'2%%&'3)%)>?%&'3%%%%%-.//0%%%-.0/4%%%-.1/0%%%-.1/2%%%-.2&3%%%-0-.'-%%%--1.1-%%%-0(.32%%%-(4.&-%%%--/.(3%%%---.2'%%%-0/.'2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%9@ABCD@EFGEH@ABCD@%IBAJBKL%MNH%1'&//3&%E%OPQBK%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*QL@%1'%EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE%%%%...................................................................................................................................%%%%9@ABCD@%%EEEEEEEEEEEEE%%%%%REEEEEEEEEE%SNKC%I@KLJPA%EEEEEEEEEET%%%%REEEEEEEEEEEEEEEEEEEEEE%SNKC%QKLI@A%EEEEEEEEEEEEEEEEEEEEEET%%?N.%%;GU@%>@V%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%WQX%%%OPQBK%%%%KN.%%%%OE?%%%%%OEY%%%%%O)EO%%%%O)EOS%%%?EO)%%%%OE?EO)%%%O)EOE?%%%O)EOEY%%OSEO)EO%%%?EO)EO%%?EO)EOS%%%YEOE?%%%%%%%%%%%C@Z%EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE%%&'4)%[)8%&'4%%%%%-./04%%%-.00&%%%-.12'%%%-.1'0%%%-.210%%%-00./2%%%--'.03%%%-0(.-3%%%--(.22%%%-(3.2-%%%--0.--%%%-0/.12%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&()%:8<%&&(%%%%%-.//4%%%-.0/3%%%-.100%%%%%E%%%%%-.214%%%-0/.3&%%%--1.&1%%%-0(.14%%%%%%E%%%%%--0.&(%%%%%%E%%%%%-0/.'0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%&&-)%:8=%&&-%%%%%-.//4%%%-.00&%%%-.1-4%%%-.1-1%%%-.21&%%%-00.40%%%--'.&0%%%-0(./4%%%-(4.44%%%---.3(%%%-(4.4/%%%-00.4(%%&&0)%[)8%&&0%%%%%-.//(%%%-.0-1%%%-.1/3%%%-.112%%%-.224%%%-0-.-4%%%--3./-%%%--4.&-%%%--0.//%%%--0.&-%%%---.&/%%%-0-.43%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&&/)%[)8%&&/%%%%%-.//(%%%-.00&%%%-.12/%%%-.1/'%%%-.21&%%%-0(.-'%%%--'./2%%%-0(.''%%%--(.31%%%---.04%%%--0.04%%%-00.44%%&&2)%O<>%&&2%%%%%-./03%%%-.0-1%%%-.1-3%%%-.102%%%-.21/%%%-0/.0-%%%--&./'%%%--4.1'%%%-(4.1-%%%--0.22%%%--(.(0%%%-0/.(3%%&&1)%78,%&&1%%%%%-.//2%%%-.004%%%-.102%%%-.11&%%%-.2'0%%%-0-.33%%%--&.-3%%%-0(.02%%%-(3.3/%%%---.(-%%%--/.(3%%%-00.13%%&&')%*+,%&&'%%%%%-./03%%%-.00-%%%-.1-3%%%-.10'%%%-.221%%%-0(.02%%%--&.('%%%-0(.-0%%%-(4.30%%%--(.(-%%%--0.'3%%%-00.30%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%5%%&&&)%8,=%&&&%%%%%-./0/%%%-.0/-%%%-.100%%%-.10-%%%-.21(%%%-0(.14%%%--'./0%%%--4.4/%%%--(.0(%%%--(.'&%%%---.&4%%%-0/.&/%%&&3)%;+9%&&3%%%%%-.//1%%%-.0/-%%%-.1/3%%%-.132%%%-.210%%%-0-.&1%%%--'.1/%%%-0(.3'%%%--'.(-%%%-(4.'-%%%--0.3-%%%-00.24%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%555%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%555%%&&4)%)8)%&&4%%%%%-./0'%%%-.004%%%-.10(%%%-.1(4%%%-.2'2%%%-0-.'1%%%--1.&2%%%-0(.34%%%--(./(%%%--0.(-%%%--(.1-%%%-0/./&%%&3()%)8)%&3(%%%%%-./0&%%%-.0//%%%-.103%%%-.1-4%%%-.21-%%%-00.-&%%%--'.-&%%%-0(.'2%%%--(.2/%%%--(.0/%%%--(.1&%%%-0/.-4%%&3-)%8,=%&3-%%%%%-./04%%%-.0//%%%-.1/1%%%-.1/-%%%-.21'%%%-0-.11%%%--&.(2%%%-0(.((%%%--(.34%%%--/.30%%%--(.0'%%%-00.4'%%&30)%:8<%&30%%%%%-.//'%%%-.0/3%%%-.103%%%%%E%%%%%-.2'3%%%-00.4/%%%--'.1(%%%-0(.2&%%%%%%E%%%%%--1.04%%%%%%E%%%%%-0/.(0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&3/)%8,=%&3/%%%%%-.///%%%-.0/'%%%-.10'%%%-.10(%%%-.2'2%%%-0/.-1%%%--'.41%%%--4.34%%%-(&.'/%%%--0.&-%%%-(4.23%%%-0/.-1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&32)%*9Y%&32%%%%%-./10%%%-.0/-%%%-.1(3%%%-.1/-%%%-.2'0%%%-0(.31%%%--1.3/%%%-0(./2%%%-(3.13%%%-(3.32%%%-(/.3/%%%-0/.30%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%5%%&31)%:8=%&31%%%%%-./0/%%%-.020%%%-.10'%%%-.102%%%-.223%%%-0-.&3%%%--1.3/%%%-0(.33%%%-(4.43%%%-(4.&1%%%-(4.'3%%%-0/.0'%%&3')%)8)%&3'%%%%%-.//-%%%-.0//%%%-.1/2%%%-.1/2%%%-.210%%%-0(.4-%%%--&./(%%%--4.&4%%%---./3%%%--(.-4%%%---.-2%%%-00.4-%%&3&)%8,=%&3&%%%%%-./2(%%%-.00'%%%-.1(2%%%-.103%%%-.2'&%%%-0-.3'%%%--'.-&%%%-0(.'4%%%-(3.1-%%%--(.'1%%%---.0'%%%-0/.-2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&33)%78,%&33%%%%%-./01%%%-.001%%%-.10'%%%-.112%%%-.21&%%%-0-.-4%%%--&.(2%%%--4.4(%%%---.32%%%--(.''%%%--0.&0%%%-0/.('%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&34)%*9Y%&34%%%%%-./21%%%-.0/&%%%-.1-3%%%-.1/(%%%-.224%%%-0-.03%%%--'.2-%%%--4./'%%%--(.03%%%---.'&%%%-(0.4/%%%-02.0-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%%%%%%%%%%65%%&4()%[)8%&4(%%%%%-.//1%%%-.0/-%%%-.12(%%%-.11-%%%-.214%%%-0/.(2%%%--'.34%%%-0(./'%%%--0.&-%%%---.20%%%---.0&%%%-00.&0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%65%%&4-)%:8?%&4-%%%%%-.//(%%%-.02-%%%-.104%%%-.10(%%%-.21&%%%-00.-1%%%--1.4&%%%-0(.-/%%%-(4.((%%%--/.(0%%%--(.12%%%-0/.4(%%&40)%8,=%&40%%%%%-.//'%%%-.02-%%%-.103%%%-.104%%%-.212%%%-0/./(%%%--1.00%%%-0(.&(%%%-(4./3%%%--(.14%%%-(4.41%%%-02.(&%%&4/)%8,=%&4/%%%%%-.//2%%%-.00&%%%-.100%%%-.1/1%%%-.21/%%%-0/.10%%%--&.1&%%%--4.34%%%--(./2%%%--0.&&%%%---./2%%%-00.12%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%&42)%;9*%&42%%%%%-./04%%%-.0/3%%%-.1/4%%%-.10&%%%-.211%%%--4.33%%%--'.24%%%-0-.(&%%%---.22%%%--(.13%%%--(.3/%%%-00.22%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
   	
    !
"!#$	
    ! 
%&&'()*&+*,&'()&&&&&-./01&&&-.0/2&&&-.)03&&&-.)4(&&&-.22)&&&-04.)(&&&--).3)&&&-04.')&&&--4.-2&&&--0./'&&&-4(.'3&&&-0/./(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&'(1*&*56&'(1&&&&&-.//0&&&-.003&&&-.)-/&&&-.)01&&&-.2)-&&&-0-.)'&&&--).(3&&&-0-.-)&&&---.)-&&&--0.14&&&-4(.33&&&-00.31&&'('*&,78&'('&&&&&-./0-&&&-.0/2&&&-.)43&&&-.)/4&&&-.223&&&-0-.23&&&--1.23&&&-04./'&&&-4(.2-&&&-4(.22&&&--4.31&&&-0/.-)&&'(3*&+*,&'(3&&&&&-./0)&&&-.0/0&&&-.)0'&&&-.)1'&&&-.22(&&&--(.10&&&--).11&&&-04.4/&&&-4(.)2&&&--4./1&&&--/.40&&&-02.0(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'((*&9:;&'((&&&&&-.//0&&&-.00(&&&-.)/2&&&-.)2)&&&-.2)/&&&-0/.''&&&--1.3)&&&--3.4/&&&--4.2)&&&--2.02&&&---.4/&&&-02.(-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&<%&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&%&&&&&&&&&&&<%&&344*&*5=&344&&&&&-./24&&&-.0/-&&&-.)2)&&&-.))4&&&-.211&&&-0).40&&&--'.'3&&&--(.'/&&&-4(.(4&&&---.2'&&&--2.4/&&&-00.2)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%%&&&&&&&&&&&&&&&&&&&&%%&&34-*&>,?&34-&&&&&-./2-&&&-.0/0&&&-.)-2&&&&&@&&&&&-.21'&&&-0).-2&&&--).3'&&&-04.))&&&&&&@&&&&&--0.4/&&&&&&@&&&&&-0/.)3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&<%%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%%&&340*&,78&340&&&&&-.//2&&&-.0/'&&&-.)0(&&&-.)0'&&&-.2)'&&&-0-.0)&&&--3.-)&&&--(.43&&&-4(.(0&&&--2.24&&&--0.0-&&&-00.'1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&&;ABCDEA@FG@HABCDEA&ICBJCKL&MNH&)1'//3'&@&OPQCK&*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&=QLA&)'&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&&&...................................................................................................................................&&&&;ABCDEA&&@@@@@@@@@@@@@&&&&&R@@@@@@@@@@&SNKD&IAKLJPB&@@@@@@@@@@T&&&&R@@@@@@@@@@@@@@@@@@@@@@&SNKD&QKLIAB&@@@@@@@@@@@@@@@@@@@@@@T&&6N.&&9GUA&5AV&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&WQX&&&OPQCK&&&&KN.&&&&O@6&&&&&O@Y&&&&&O*@O&&&&O*@OS&&&6@O*&&&&O@6@O*&&&O*@O@6&&&O*@O@Y&&OS@O*@O&&&6@O*@O&&6@O*@OS&&&Y@O@6&&&&&&&&&&&DAZ&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&&34/*&=;Y&34/&&&&&-./))&&&-.020&&&-.)/2&&&-.)/(&&&-.212&&&--'.32&&&--1.1-&&&--(.31&&&---./2&&&--0.//&&&-42.4-&&&-0/.)/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&%&&342*&*,*&342&&&&&-.//2&&&-.000&&&-.)/4&&&-.)-'&&&-.214&&&-0-.()&&&--).1'&&&-0-.40&&&--4.--&&&--4.-3&&&-4(.3'&&&-0/./4&&34)*&9:;&34)&&&&&-./0'&&&-.000&&&-.)-'&&&-.)/0&&&-.2)/&&&-0/./0&&&--1.)-&&&-04.1-&&&--/.4)&&&-4(.('&&&--4.2'&&&-00.'(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&341*&*,*&341&&&&&-./02&&&-.0/3&&&-.)/0&&&-.)-2&&&-.22-&&&-0-.)(&&&--'.-(&&&--(.(4&&&--4.-'&&&--0./)&&&--4.4-&&&-00.3(&&34'*&,78&34'&&&&&-.///&&&-.0//&&&-.)0'&&&-.)0/&&&-.2)(&&&-04.3)&&&--1.-2&&&-04.-'&&&-4(.3'&&&---.(2&&&---.4/&&&-0/.1(&&343*&>,?&343&&&&&-.//)&&&-.002&&&-.)-3&&&&&@&&&&&-.2)'&&&-0/./1&&&--1.'0&&&-04.)2&&&&&&@&&&&&---.3(&&&&&&@&&&&&-00.'0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&34(*&=:7&34(&&&&&-.///&&&-.0/-&&&-.)/2&&&-.)/)&&&-.21-&&&-0-.)3&&&--3.22&&&--(./'&&&-43.12&&&--/.(2&&&--4.(0&&&-00.-3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&3-4*&*56&3-4&&&&&-.//'&&&-.02)&&&-.)/-&&&-.)/2&&&-.213&&&-04.'-&&&--'.0'&&&--(.(/&&&-4(.13&&&---.2'&&&--0.-2&&&-00.'3&&3--*&=;Y&3--&&&&&-./23&&&-.0/2&&&-.)0(&&&-.)24&&&-.21-&&&-04.)1&&&--'.'0&&&--(./'&&&---.4)&&&---.4-&&&-4/.'0&&&-00.(-&&3-0*&=;Y&3-0&&&&&-./2)&&&-.001&&&-.)4(&&&-.)24&&&-.22(&&&--1./1&&&--'.-/&&&--(.23&&&---.03&&&-4(.'(&&&-4/.03&&&-0/./'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&3-/*&*5=&3-/&&&&&-./0'&&&-.0/(&&&-.)22&&&-.)-'&&&-.2)2&&&-04.(4&&&--)./-&&&-0-.2-&&&-4(.31&&&--0.41&&&--4.1'&&&-0/.0(&&3-2*&,78&3-2&&&&&-.//-&&&-.004&&&-.)/2&&&-.))1&&&-.211&&&-02.//&&&--1.)3&&&-04.-/&&&-4(.(2&&&--/.(/&&&-4(./)&&&-0/.03&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&3-)*&*5=&3-)&&&&&-.//-&&&-.0/-&&&-.))2&&&-.)/0&&&-.21'&&&-0/.))&&&--1.-'&&&-04.32&&&--4.43&&&--/./'&&&-43.11&&&-00.(3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&3-1*&[,7&3-1&&&&&-.//0&&&-.0/)&&&-.)20&&&-.)'2&&&-.2'2&&&-02.24&&&--1.00&&&-04.02&&&---.12&&&---.30&&&--4.0)&&&-0/.21&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&3-'*&W79&3-'&&&&&-.//-&&&-.0/2&&&-.)-(&&&-.)03&&&-.2)'&&&-00.01&&&--1.2/&&&-04.-)&&&--4.33&&&--/.42&&&-4(.31&&&-0/.20&&3-3*&*5=&3-3&&&&&-.///&&&-.003&&&-.)-4&&&-.)-3&&&-.2'-&&&-00.-2&&&--2.'4&&&-0-.-2&&&--4.11&&&--/.4)&&&--4.'/&&&-02.-2&&3-(*&*;>&3-(&&&&&-./0)&&&-.0/'&&&-.)01&&&-.)0/&&&-.22(&&&-0/.00&&&--'.0'&&&--(.)1&&&-4(.'-&&&--4.'1&&&-43.'4&&&-0/.-1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&304*&=;Y&304&&&&&-./)0&&&-.00/&&&-.)03&&&-.)/1&&&-.2'/&&&-04.)0&&&--3.4(&&&--(./'&&&---.'3&&&---./3&&&-42.43&&&-00.23&&30-*&=;Y&30-&&&&&-./22&&&-.00'&&&-.)/3&&&-.)/'&&&-.221&&&--'.20&&&--).'-&&&-0-.22&&&--4.0'&&&--0.-0&&&-4/./(&&&-00.32&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&300*&*;>&300&&&&&-./-3&&&-.0/2&&&-.)-)&&&-.)4(&&&-.22)&&&-0-.'0&&&--'.4-&&&--(.3'&&&-4(./2&&&---./0&&&-4'.04&&&-0/.-0&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&<%&&&&&&&&&&&&&&&&&&&&<%&&30/*&57;&30/&&&&&-.//4&&&-.0-(&&&-.)0(&&&-.)/4&&&-.214&&&--(.((&&&--'.-3&&&-04.'0&&&--4.-4&&&--4.3(&&&--0.-/&&&-00.4(&&302*&=;Y&302&&&&&-.//'&&&-.000&&&-.)04&&&-.)0'&&&-.2)/&&&-04.4'&&&--'.02&&&--(.2'&&&-43.'/&&&---.42&&&-40.(3&&&-0/.03&&30)*&,?5&30)&&&&&-.//4&&&-.001&&&-.)/1&&&-.)22&&&-.21(&&&-00.-2&&&--'.-3&&&-04./)&&&---.-(&&&--0.(0&&&--4.3(&&&-00.21&&301*&>,8&301&&&&&-.//-&&&-.02/&&&-.)2'&&&-.)/0&&&-.2'4&&&-0-.'(&&&--'.-4&&&-04./(&&&---./2&&&---.(4&&&-4(.13&&&-00.)-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&30'*&=;Y&30'&&&&&-./)0&&&-.0/)&&&-.)-'&&&-.)//&&&-.2''&&&-0-.3)&&&--1.'4&&&-04.--&&&--4.)-&&&---.(/&&&-4/.20&&&-0/.-2&&303*&,78&303&&&&&-./0'&&&-.00)&&&-.)/(&&&-.)0/&&&-.2)(&&&-04.-2&&&--1.-(&&&-04.2(&&&--4./)&&&---.'4&&&---.)4&&&-0/./0&&30(*&[,7&30(&&&&&-.//2&&&-.0-3&&&-.)02&&&-.))1&&&-.214&&&-00.21&&&--1.1-&&&-04.'3&&&-43.'-&&&---.42&&&--0.22&&&-00.)1&&3/4*&57;&3/4&&&&&-./01&&&-.02-&&&-.)-)&&&-.)/0&&&-.2)'&&&-0-.3/&&&--).)'&&&-04.)-&&&-43.34&&&--4.01&&&-4(.14&&&-0/.(/&&3/-*&>,?&3/-&&&&&-.//2&&&-.0/0&&&-.)-3&&&&&@&&&&&-.214&&&-00.0-&&&--1.()&&&-04.4(&&&&&&@&&&&&--/.13&&&&&&@&&&&&-00.('&&3/0*&9;=&3/0&&&&&-.//2&&&-.020&&&-.)03&&&-.)/(&&&-.21'&&&-0-.1-&&&--).(-&&&-04.1)&&&-4(.3/&&&--0.('&&&--0.2-&&&-0/.2/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&
   	
    !
"!#$	
    !  
%&&'(()&*+,&'((&&&&&-.(/0&&&-./(1&&&-.2/'&&&-.2(3&&&-.121&&&-/-.2'&&&--2.(1&&&-/4.'0&&&--4./0&&&---.3-&&&--4.'/&&&-/(.52&&'(1)&67+&'(1&&&&&-.(/5&&&-./1(&&&-.21'&&&-.2/3&&&-.113&&&-/(.4(&&&--2.2'&&&-/-.10&&&--4.33&&&--4.-5&&&-45.35&&&-//.0-&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&8%&&'(2)&67+&'(2&&&&&-.(/5&&&-./1/&&&-.2(3&&&-.2((&&&-.110&&&-/-.13&&&--5.3'&&&--0.'5&&&--/.--&&&--/.-2&&&---.45&&&-//.1(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'(3)&)9:&'(3&&&&&-.((-&&&-.//5&&&-.2/'&&&-.2/4&&&-.13/&&&-/4.-0&&&--3.01&&&--0.03&&&--4.-(&&&--/.((&&&---.'/&&&-/(.-4&&'(5)&;<9&'(5&&&&&-.((1&&&-./-3&&&-.2-3&&&-.214&&&-.133&&&-/-.2(&&&--2.00&&&-/4.'5&&&---.--&&&--/.31&&&---.15&&&-/(.-(&&'(')&=+;&'('&&&&&-.(-0&&&-.//0&&&-.2(/&&&-.2-3&&&-.111&&&-/-.'2&&&--3.4/&&&-/4.(4&&&-4'.(-&&&-40.22&&&-4'.3'&&&-/(.33&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&'(0)&)*)&'(0&&&&&-.((3&&&-./('&&&-.2/3&&&-.211&&&-.12'&&&-/(.10&&&--5.42&&&--0.2-&&&---.4'&&&--/.1/&&&--4.0-&&&-/(.11&&'14)&>*+&'14&&&&&-.((5&&&-./((&&&-.2/4&&&-.22/&&&-.13'&&&-/-.2'&&&--2.01&&&-/4.'-&&&-4'.20&&&-4'.01&&&--(.21&&&-/(./1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&&9?@ABC?DEFDG?@ABC?&HA@IAJK&LMG&235(('5&D&NOPAJ&)&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&6PK?&2'&DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD&&&&...................................................................................................................................&&&&9?@ABC?&&DDDDDDDDDDDDD&&&&&QDDDDDDDDDD&RMJB&H?JKIO@&DDDDDDDDDDS&&&&QDDDDDDDDDDDDDDDDDDDDDD&RMJB&PJKH?@&DDDDDDDDDDDDDDDDDDDDDDS&&TM.&&;FU?&V?W&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&=PX&&&NOPAJ&&&&JM.&&&&NDT&&&&&NDY&&&&&N)DN&&&&N)DNR&&&TDN)&&&&NDTDN)&&&N)DNDT&&&N)DNDY&&NRDN)DN&&&TDN)DN&&TDN)DNR&&&YDNDT&&&&&&&&&&&B?Z&DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD&&'1-)&:*<&'1-&&&&&-.(/'&&&-./(1&&&-.2-0&&&&&D&&&&&-.125&&&-/-.02&&&--2.31&&&-/4.1/&&&&&&D&&&&&--/.//&&&&&&D&&&&&-/(.0(&&'1/)&:*<&'1/&&&&&-.((/&&&-./(1&&&-.2-(&&&&&D&&&&&-.123&&&-/(.-4&&&--2.'1&&&-/4.53&&&&&&D&&&&&---.//&&&&&&D&&&&&-/(.14&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'1()&;<9&'1(&&&&&-.(/5&&&-./-0&&&-.2-0&&&-.2/1&&&-.11/&&&-/-.((&&&--5.4'&&&-/4.40&&&--4.((&&&-40.03&&&---.//&&&-//.'/&&'11)&[)*&'11&&&&&-.(/5&&&-./(2&&&-.2(3&&&-.22/&&&-.131&&&-//.4'&&&--3.3/&&&-/4.2'&&&---.-5&&&--/.13&&&---.(4&&&-//.50&&'12)&:*<&'12&&&&&-.((/&&&-./(4&&&-.2-(&&&&&D&&&&&-.12(&&&-/-.55&&&--2.//&&&-/-.-5&&&&&&D&&&&&--4.-/&&&&&&D&&&&&-/(.34&&'13)&)*)&'13&&&&&-.(/5&&&-.//5&&&-.2/2&&&-.241&&&-.11-&&&-//.(4&&&--3.''&&&-/4./'&&&--4.51&&&---.42&&&-40.31&&&-//.'1&&'15)&)*)&'15&&&&&-.((4&&&-./(/&&&-.2/(&&&-.243&&&-.123&&&-/-./1&&&--5.1-&&&--0.3(&&&---.44&&&--/.'5&&&---.1(&&&-//.03&&'1')&;79&'1'&&&&&-.((/&&&-.//'&&&-.2/3&&&-.2/-&&&-.15(&&&-/-.31&&&--3.3(&&&-/4.4/&&&-45.(-&&&--(.20&&&--/.(0&&&-/(.(/&&'10)&[)*&'10&&&&&-.(((&&&-./(5&&&-.2/5&&&-.225&&&-.13-&&&-//.'3&&&--1.00&&&-/4.'3&&&---.-5&&&-4'.(2&&&---.-/&&&-/1.--&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'24)&:*<&'24&&&&&-.((/&&&-.//-&&&-.2-(&&&&&D&&&&&-.121&&&-/(.'5&&&--5./4&&&--0.01&&&&&&D&&&&&--(.3/&&&&&&D&&&&&-//.'3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'2-)&)*)&'2-&&&&&-.(/0&&&-./(/&&&-.2(-&&&-.244&&&-.135&&&-/-.'3&&&--3.0/&&&--0.'4&&&--4.-5&&&--(.03&&&--4.15&&&-/(./5&&'2/)&)*)&'2/&&&&&-.((3&&&-./(-&&&-.2/(&&&-.2-0&&&-.154&&&-//.22&&&--2.3/&&&-/4.35&&&--4./5&&&--4.40&&&--4.0'&&&-/(.54&&'2()&)*)&'2(&&&&&-.((/&&&-./(3&&&-.213&&&-.2/3&&&-.125&&&-//.'/&&&--5.3'&&&--0.'/&&&---./(&&&--(.25&&&--4.1(&&&-//.24&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'21)&;96&'21&&&&&-.((1&&&-.//3&&&-.2-1&&&-.2/(&&&-.133&&&-/-.5-&&&--5.4(&&&-/4.(0&&&-4'.2/&&&--4.0(&&&---.11&&&-//.25&&'22)&;96&'22&&&&&-.(/0&&&-.//3&&&-.2-/&&&-.2/1&&&-.110&&&--0.('&&&--3.10&&&--0.0/&&&--4.2'&&&-40.'1&&&--/.32&&&-/(.34&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&'23)&67+&'23&&&&&-.((-&&&-./((&&&-.2-3&&&-.2/-&&&-.12-&&&-/-.54&&&--3.5'&&&--0.5(&&&-40.0/&&&---.'5&&&---./2&&&-/(.10&&'25)&*+,&'25&&&&&-.((/&&&-.//0&&&-.21/&&&-.214&&&-.13(&&&-/-.//&&&--5.01&&&--0.34&&&--(.2(&&&--1./-&&&--4.00&&&-//.1(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'2')&;<9&'2'&&&&&-.((1&&&-./((&&&-.2(0&&&-.21-&&&-.152&&&-//.55&&&--5.(-&&&-/4.-2&&&--4.(0&&&--3.5-&&&--4.-0&&&-//.21&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'20)&)*)&'20&&&&&-.((-&&&-./(2&&&-.2/4&&&-.2/1&&&-.133&&&-/-./(&&&--3.-/&&&-/4.2-&&&--4.5'&&&--4.52&&&--4.00&&&-/(.(5&&'34)&:*,&'34&&&&&-.((/&&&-.//0&&&-.2/3&&&-.2(0&&&-.154&&&-/-.'4&&&--5.-/&&&-/4.-(&&&--4.45&&&--/.1/&&&--/./5&&&-//.51&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&%&&'3-)&)V6&'3-&&&&&-.(/'&&&-./(1&&&-.2-3&&&-.2/3&&&-.12'&&&-/-.--&&&--2./(&&&-/-.4-&&&-40.54&&&-40.53&&&--4.0/&&&-/(.53&&'3/)&:*<&'3/&&&&&-.((4&&&-./14&&&-.2-1&&&&&D&&&&&-.121&&&-//.13&&&--3.33&&&-/4./0&&&&&&D&&&&&---.30&&&&&&D&&&&&-/(.42&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'3()&69Y&'3(&&&&&-.(13&&&-.//1&&&-.2-'&&&-.2((&&&-.121&&&--0.-(&&&--3.(1&&&--0.5(&&&---.('&&&--4.((&&&-4(.3(&&&-/(.0(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&%&&'31)&7>V&'31&&&&&-.((1&&&-./((&&&-.2//&&&-.2(0&&&-.13/&&&-/(.1/&&&--3.('&&&-/4.-/&&&-40./0&&&--2.(5&&&-40.(4&&&-/(.24&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'32)&[)*&'32&&&&&-.(('&&&-./1/&&&-.213&&&-.25'&&&-.15(&&&-/(.(2&&&--2.4(&&&-/-.((&&&--/.52&&&--/.4-&&&--/.55&&&-/(.3/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'33)&)VT&'33&&&&&-.((0&&&-./(2&&&-.213&&&-.2(0&&&-.1'(&&&-/1.24&&&--2.02&&&-/4.0(&&&--4.3-&&&--1.('&&&---.0/&&&-/(.--&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&'35)&;<9&'35&&&&&-.((5&&&-.//0&&&-.2/3&&&-.2(2&&&-.15/&&&-/(.0/&&&--3.24&&&-/4.('&&&---.-/&&&--/.(/&&&--/.44&&&-/(.-/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&%&&'3')&V+9&'3'&&&&&-.(((&&&-./(-&&&-.243&&&-.214&&&-.123&&&-//.-5&&&--1.0/&&&-/4.5(&&&-4'.'1&&&-40.-1&&&--4.1/&&&-/1.((&&'30)&:*T&'30&&&&&-.(/5&&&-./1(&&&-.2/2&&&-.2/3&&&-.12(&&&-/(.-'&&&--(.-/&&&-//.(-&&&--4.1/&&&--1.00&&&---.45&&&-/1.25&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&&&&&&&&&&&&&&&&&&&&&&&&&&%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&8%&
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%%%-.//-%%%-.0/1%%%-.203%%%-.2/0%%%-.424%%%-02.-/%%%--2.((%%%-0(.31%%%--(.1-%%%-('.21%%%-(&.&-%%%-04.(4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&'-)%789%&'-%%%%%-.//&%%%-.0/2%%%-.2(&%%%-.22'%%%-.42&%%%-04.03%%%--4.-(%%%-0(.&0%%%-(1.3'%%%-('.3(%%%---.0/%%%-02.('%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%6%%&'0)%8:;%&'0%%%%%-.//'%%%-.0/2%%%-.2/-%%%-.2/4%%%-.42(%%%-04.00%%%--'.-1%%%-0(.((%%%--0.-&%%%--0./3%%%--(.-&%%%-00.&0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&'/)%<8+%&'/%%%%%-.//4%%%-.0/'%%%-.20'%%%-.2'2%%%-.41'%%%-0(.1(%%%--0.1-%%%-00.10%%%--0.&(%%%--1.11%%%--/./&%%%-04.1'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%6%%%%%%%%6%%%%%%%56%%%%%%%56%%%%%%%%6%%%%%%%%%%%66%%&'4)%=+7%&'4%%%%%-./04%%%-.0/2%%%-.2-&%%%-.2-1%%%-.4/3%%%-02.(-%%%--/.1/%%%-00.(1%%%---./4%%%-(0.4/%%%--(./'%%%-04./(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%56%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%666%%%%%%%%%%%%%%%%%%%%%%%%%%%%666%%%9>?@AB>CDECF>?@AB>%G@?H@IJ%KLF%21'//&'%C%MNO@I%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<OJ>%23%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC%%%%...................................................................................................................................%%%%9>?@AB>%%CCCCCCCCCCCCC%%%%%PCCCCCCCCCC%QLIA%G>IJHN?%CCCCCCCCCCR%%%%PCCCCCCCCCCCCCCCCCCCCCC%QLIA%OIJG>?%CCCCCCCCCCCCCCCCCCCCCCR%%SL.%%7ET>%;>U%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%=OV%%%MNO@I%%%%IL.%%%%MCS%%%%%MCW%%%%%M)CM%%%%M)CMQ%%%SCM)%%%%MCSCM)%%%M)CMCS%%%M)CMCW%%MQCM)CM%%%SCM)CM%%SCM)CMQ%%%WCMCS%%%%%%%%%%%A>X%CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC%%&'2)%Y*S%&'2%%%%%-.//-%%%-.0/&%%%-.202%%%-.2/4%%%-.42-%%%-04.&3%%%--2.03%%%-0(.12%%%-(3./2%%%--(.2(%%%-(3.14%%%-04.(2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&'1)%MZ;%&'1%%%%%-.//1%%%-.04(%%%-.2/1%%%-.2/(%%%-.4'-%%%-04.'3%%%--4.12%%%-0-.14%%%---.&/%%%--2./(%%%---.13%%%-0/.1&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&'')%789%&''%%%%%-./03%%%-.0/(%%%-.20'%%%-.220%%%-.42&%%%-0/.10%%%--1.-2%%%-0(.1&%%%--(.4/%%%-(1.'4%%%--/.&1%%%-0/.-1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%6%%%%%%%%%%%%%%%%%%%%56%%&'&)%Y*,%&'&%%%%%-.//0%%%-.0/2%%%-.2/-%%%-.2/1%%%-.410%%%-0-.30%%%--1.22%%%-0(.20%%%---.0(%%%--0.22%%%---.21%%%-00.3/%%&'3)%);<%&'3%%%%%-.//-%%%-.0//%%%-.2/4%%%-.2/0%%%-.41/%%%-00./&%%%--2.3(%%%-0-.(2%%%--(.'-%%%--0.2/%%%-(3.12%%%-0/.(2%%&&()%);S%&&(%%%%%-.//(%%%-.0//%%%-.201%%%-.24(%%%-.421%%%-00.(4%%%--'.2/%%%--3.2/%%%-(3./4%%%--0.4/%%%---.40%%%-00.3/%%&&-)%789%&&-%%%%%-./2/%%%-.04'%%%-.241%%%-.24(%%%-.41&%%%-0-./0%%%--1.00%%%--3.30%%%---.//%%%--1.--%%%-(0.&&%%%-0/.&2%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%56%%%%62.-6%%%%%%%%%%%%%%%%%62.-6%%&&0)%8:;%&&0%%%%%-./4-%%%-.0/3%%%-.2/'%%%-.24'%%%-.41&%%%-0/.40%%%--1.2/%%%-0(.-/%%%---.-2%%%-(4.4-%%%--(.&0%%%-0/.//%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&&/)%<8+%&&/%%%%%-./44%%%-.040%%%-.22&%%%-.222%%%-.434%%%-04.0&%%%--'.2-%%%--3.21%%%--(./2%%%--1.'2%%%---.-2%%%-00.3/%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%56%%%%%%%6%%%%%%56%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&&4)%Y*,%&&4%%%%%-./44%%%-.0/3%%%-.22(%%%-.2/3%%%-.4&3%%%-0/.31%%%--1./4%%%-0(.&4%%%-(3.&3%%%--/.30%%%--(.1-%%%-00.&0%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%56%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&&2)%Y*Z%&&2%%%%%-.//1%%%-.0/4%%%-.20-%%%%%C%%%%%-.4'(%%%-00.1(%%%--1.04%%%-0(.4-%%%%%%C%%%%%--4.((%%%%%%C%%%%%-0/./2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&&1)%:*+%&&1%%%%%-.//&%%%-.0/3%%%-.21(%%%-.24(%%%-.4'3%%%-0/.-&%%%--'.-&%%%--3.32%%%---.4-%%%--/./&%%%---.2'%%%-00.&'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%&&')%);<%&&'%%%%%-./42%%%-.04-%%%-.242%%%-.2/&%%%-.433%%%-0/.3-%%%--1.2&%%%-0(.04%%%-(&.''%%%--1.(&%%%---.11%%%-0/.-/%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%56%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&&&)%MZ;%&&&%%%%%-./4-%%%-.0/-%%%-.2/-%%%-.2/1%%%-.4'-%%%-0-.2'%%%--'.3'%%%--3.'0%%%-(&.'&%%%--&.(2%%%---.0-%%%-00./(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%%%%%%%%%%%%%%%%%%%%%%%%%%%%66%%&&3)%Y*,%&&3%%%%%-.///%%%-.0/4%%%-.2/1%%%-.2/0%%%-.4'4%%%-0-.-3%%%--1.00%%%-0(.24%%%--(.31%%%--4.&0%%%---.-/%%%-0/.04%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&3()%[)*%&3(%%%%%-.///%%%-.0/0%%%-.24-%%%-.24(%%%-.41/%%%-0/.-3%%%--1.(3%%%-0-.-1%%%---./2%%%--(.--%%%---.&/%%%-00.'4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&3-)%<8+%&3-%%%%%-.//0%%%-.0/0%%%-.2/0%%%-.20&%%%-.412%%%-00.24%%%--1.0'%%%-0(.2-%%%-(3.&-%%%--/.-0%%%--(.02%%%-0/.00%%&30)%Y*,%&30%%%%%-.//-%%%-.003%%%-.2/-%%%-.20&%%%-.42&%%%-00.33%%%--'.4-%%%--3.32%%%-(3.--%%%--0.20%%%-(3.3/%%%-00.14%%&3/)%)*)%&3/%%%%%-.//4%%%-.0//%%%-.24/%%%-.201%%%-.4'(%%%-00.-4%%%--'./0%%%-0(.-(%%%--(.&2%%%--/.43%%%--(.43%%%-00.2'%%&34)%<9W%&34%%%%%-./20%%%-.04(%%%-.2/2%%%-.2/4%%%-.412%%%--3.3-%%%--'.-(%%%--3.1'%%%---.-4%%%--/.3'%%%-(/.4(%%%-0/.0/%%&32)%Y*,%&32%%%%%-.///%%%-.00/%%%-.242%%%-.24(%%%-.41&%%%-00.0-%%%--&.1(%%%--3.0'%%%--(.20%%%--4.24%%%---.4'%%%-00.-0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&31)%<9W%&31%%%%%-./20%%%-.002%%%-.2/'%%%-.203%%%-.413%%%--&.&1%%%--1.3&%%%-0(.-/%%%--(.20%%%--0.3/%%%-(/.(1%%%-00.&3%%&3')%=+7%&3'%%%%%-./0'%%%-.0-'%%%-.2-(%%%-.20-%%%-.441%%%-0(.31%%%--1.-4%%%-0(.33%%%--(.10%%%-(&.31%%%---.((%%%-00.&2%%&3&)%789%&3&%%%%%-./0-%%%-.001%%%-.20&%%%-.2//%%%-.444%%%-0-./0%%%--'.-&%%%-0(./(%%%--0.0/%%%--(.&&%%%--(.1(%%%-00.2-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%&33)%=+7%&33%%%%%-./03%%%-.002%%%-.20(%%%-.2/-%%%-.41(%%%-0-.-&%%%--2.&1%%%-0(.'/%%%--(.'2%%%--(.10%%%---.-3%%%-0/./3%%3(()%)*)%3((%%%%%-./0/%%%-.0/-%%%-.2/1%%%-.20(%%%-.420%%%-00.4&%%%--2.'0%%%-0(.4-%%%--(.'&%%%--0.-3%%%-(3.3&%%%-0/.&1%%3(-)%*+,%3(-%%%%%-.//0%%%-.04-%%%-.2/'%%%-.20'%%%-.42/%%%-0/.&(%%%--1.41%%%-0(.1-%%%--(.''%%%--/.-4%%%-(3.'3%%%-00.30%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6%%3(0)%;+9%3(0%%%%%-./03%%%-.0/4%%%-.2-1%%%-.20&%%%-.443%%%-0-.4&%%%--1./1%%%-0(.2'%%%-(3.-'%%%---.-/%%%--(.03%%%-0/.(1%%3(/)%[)*%3(/%%%%%-./01%%%-.00&%%%-.20&%%%-.2/1%%%-.42/%%%-0(.3-%%%--2.4/%%%-0(.'2%%%---.&4%%%-(3.2(%%%---.1&%%%-0/.&(%
   	
    !
"!#$	
    ! %
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()*+&,-.&()*&&&&&/011)&&&/022)&&&/03/4&&&/0311&&&/0**5&&&/220*3&&&//5033&&&/2)023&&&//)0/5&&&/)(06(&&&//)0(1&&&/210/(&&()3+&7+,&()3&&&&&/0125&&&/02*)&&&/032*&&&/031)&&&/0*14&&&//(06(&&&//50((&&&//(05*&&&///052&&&/)(054&&&//2012&&&/21011&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&()5+&89:&()5&&&&&/0114&&&/021)&&&/03/6&&&/036/&&&/0*5(&&&/2/061&&&//401*&&&//(04)&&&//)02/&&&//20/5&&&//10)6&&&/220(5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&()4+&<,-&()4&&&&&/011)&&&/0212&&&/031*&&&/0332&&&/0*3(&&&//(0(1&&&//5014&&&/2)055&&&/)(043&&&/)(0()&&&//10*(&&&/220(3&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&'&&()6+&=,.&()6&&&&&/0125&&&/021*&&&/0315&&&/03/(&&&/0**6&&&/2)0(5&&&//4013&&&/2)0*/&&&//2016&&&//10(2&&&//)01)&&&/2202/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&:>?@AB>CDECF>?@AB>&G@?H@IJ&KLF&3541164&C&MNO@I&+&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&POJ>&5)&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC&&&&00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000&&&&:>?@AB>&&CCCCCCCCCCCCC&&&&&QCCCCCCCCCC&RLIA&G>IJHN?&CCCCCCCCCCS&&&&QCCCCCCCCCCCCCCCCCCCCCC&RLIA&OIJG>?&CCCCCCCCCCCCCCCCCCCCCCS&&TL0&&8EU>&V>W&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&XOY&&&MNO@I&&&&IL0&&&&MCT&&&&&MCZ&&&&&M+CM&&&&M+CMR&&&TCM+&&&&MCTCM+&&&M+CMCT&&&M+CMCZ&&MRCM+CM&&&TCM+CM&&TCM+CMR&&&ZCMCT&&&&&&&&&&&A>[&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC&&()(+&X-8&()(&&&&&/0126&&&/021/&&&/03)4&&&/03/(&&&/0*3)&&&//(0(4&&&//50/)&&&/2)02)&&&//)05(&&&/)6061&&&///05*&&&/2105(&&(/)+&M\V&(/)&&&&&/0112&&&/021/&&&/0324&&&/032(&&&/0*55&&&/2/06(&&&//5015&&&/2)062&&&/)(04)&&&///0(3&&&//)0((&&&/2206/&&(//+&+VT&(//&&&&&/0121&&&/0212&&&/03*)&&&/032)&&&/0**1&&&/2)02)&&&//303)&&&/2)04(&&&//2021&&&//*063&&&///0*2&&&/21054&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(/2+&+,+&(/2&&&&&/011/&&&/021(&&&/031/&&&/032/&&&/0*3*&&&/21022&&&//40)6&&&/2)0/2&&&//)0(/&&&//)051&&&///0)/&&&/2204(&&(/1+&,-.&(/1&&&&&/011/&&&/0214&&&/031)&&&/0326&&&/0*53&&&/2/041&&&//5046&&&//(0(2&&&///0//&&&///0*3&&&//)062&&&/2101)&&(/*+&+VT&(/*&&&&&/0115&&&/0226&&&/03*2&&&/03*)&&&/0*42&&&/21022&&&//503)&&&/2)0)5&&&/)40(6&&&//20(1&&&//)061&&&/210**&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(/3+&V-:&(/3&&&&&/0114&&&/0212&&&/0316&&&/032(&&&/0*54&&&/21066&&&//403*&&&/2)02(&&&/)(0/(&&&//502(&&&/)(0*3&&&/220/4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&(/5+&,-.&(/5&&&&&/011/&&&/0214&&&/03/1&&&/03/*&&&/0*5)&&&/2/0**&&&//*06/&&&/2/0/1&&&/)(02*&&&//)052&&&//)03*&&&/2*0)3&&(/4+&V-:&(/4&&&&&/0125&&&/0226&&&/03//&&&/0325&&&/0**2&&&/22046&&&//503/&&&/2)02)&&&/)(0//&&&/)(0((&&&/)(043&&&/21026&&(/6+&=,.&(/6&&&&&/0123&&&/0223&&&/03*2&&&/0324&&&/0*53&&&/2/05/&&&//405)&&&//(045&&&/)(052&&&//206)&&&///014&&&/2205*&&(/(+&+VT&(/(&&&&&/0112&&&/0224&&&/0325&&&/032(&&&/0*5*&&&/2/032&&&//6063&&&//(0)*&&&/)(0)2&&&//40*6&&&///0/)&&&/220//&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&'&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&(2)+&=,T&(2)&&&&&/011/&&&/021*&&&/0326&&&/03*2&&&/0*4*&&&/2)0*2&&&//3052&&&/2)0(6&&&/)(06(&&&//2051&&&//1023&&&/2101(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&;'&&(2/+&V-:&(2/&&&&&/0112&&&/02*2&&&/0322&&&/031)&&&/0*3*&&&/220)/&&&//3035&&&/2/012&&&/)(06)&&&///031&&&//)0*5&&&/210/2&&(22+&,-.&(22&&&&&/0124&&&/021)&&&/0315&&&/031*&&&/0*3/&&&/2)061&&&//5045&&&/2)02)&&&//2023&&&///01/&&&//)066&&&/210)2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(21+&,-.&(21&&&&&/0115&&&/0211&&&/031)&&&/031(&&&/0*46&&&/22053&&&//502/&&&//(046&&&/)(0/5&&&///01/&&&//201*&&&/2*0))&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&'&&(2*+&+:=&(2*&&&&&/01*)&&&/021)&&&/031)&&&/03*2&&&/0*43&&&/2*0)5&&&//503(&&&/2)063&&&/)6061&&&///012&&&///06/&&&/2203*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(23+&X-8&(23&&&&&/012*&&&/0224&&&/032/&&&/031/&&&/0***&&&/2)011&&&//5035&&&/2)011&&&///0(4&&&/)60*4&&&///01*&&&/210//&&(25+&P:Z&(25&&&&&/01*2&&&/02/(&&&/0314&&&/032(&&&/0*52&&&/210(/&&&//40*5&&&//(041&&&//)014&&&//2046&&&/)203*&&&/2206/&&(24+&P:Z&(24&&&&&/01**&&&/02*)&&&/032/&&&/0325&&&/0*3(&&&/2*023&&&//4053&&&//(055&&&/)(0*3&&&//*06(&&&/)2066&&&/2205(&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(26+&8:P&(26&&&&&/012(&&&/0212&&&/032(&&&/03*/&&&/0*53&&&/2)0/)&&&//50/)&&&/2)031&&&//2026&&&//1031&&&//20*(&&&/21013&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&'&&(2(+&7+,&(2(&&&&&/0112&&&/0211&&&/03*1&&&/0355&&&/0*5(&&&/220**&&&//50)3&&&/2)0(1&&&//1054&&&///0()&&&//)06(&&&/220((&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&''&&(1)+&+VT&(1)&&&&&/0113&&&/0216&&&/0312&&&/0314&&&/0*54&&&/21066&&&//30**&&&/2/0/3&&&//)0(3&&&//)046&&&/)(0(1&&&/210*/&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(1/+&<,-&(1/&&&&&/011)&&&/0224&&&/03/6&&&/034*&&&/0*51&&&/2206(&&&//501/&&&/2)03*&&&//)0)3&&&//)02/&&&//201(&&&/210/5&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(12+&8:P&(12&&&&&/0124&&&/0226&&&/031)&&&/0324&&&/0*34&&&/2/0/2&&&//40)(&&&//(0(1&&&/)(034&&&///053&&&///0/4&&&/220(6&&(11+&,-.&(11&&&&&/0111&&&/0212&&&/0315&&&/0312&&&/0*34&&&/2/0)5&&&//4052&&&//(064&&&///0**&&&//2045&&&///04(&&&/2203/&&(1*+&,-.&(1*&&&&&/0112&&&/021)&&&/032/&&&/0325&&&/0*55&&&/2)0*6&&&//3061&&&/2)015&&&//)0**&&&/)(035&&&///043&&&/21044&&(13+&=,\&(13&&&&&/011*&&&/022(&&&/03/)&&&&&C&&&&&/0*36&&&/21026&&&//5021&&&/2)05)&&&&&&C&&&&&//1036&&&&&&C&&&&&/210/4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&;'&&(15+&V-:&(15&&&&&/0123&&&/0211&&&/03*1&&&/0311&&&/0*5)&&&/2/01/&&&//5033&&&/2)04)&&&///01/&&&///0)(&&&///0)/&&&/22041&&(14+&<,-&(14&&&&&/0112&&&/02/4&&&/031/&&&/0335&&&/0*56&&&/22051&&&//5066&&&/2)053&&&//)0*(&&&///014&&&///0(/&&&/220*4&&(16+&M\V&(16&&&&&/0123&&&/0221&&&/03))&&&/03/5&&&/0**4&&&/2/0)4&&&//5062&&&/2)0)/&&&/)(0*1&&&//)0((&&&//)0(3&&&/210/4&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&'&&(1(+&,-.&(1(&&&&&/0126&&&/0215&&&/0321&&&/032(&&&/0*33&&&/2)062&&&//50*/&&&//(0(3&&&//)0*)&&&///06*&&&///0)5&&&/2105*&
   	
    !
"!#$	
    ! 
%&'()%*+,%&'(%%%%%-.//0%%%-.1/(%%%-.011%%%-.01&%%%-.'2'%%%-11.1'%%%--2.13%%%-1(.0&%%%-(&.(0%%%---.&&%%%--(.&4%%%-1/.-1%%&'-)%5+6%&'-%%%%%-./14%%%-.110%%%-.0-(%%%-.013%%%-.'0'%%%-1-./&%%%--2.(/%%%-1(.-4%%%--(.&&%%%--(.(3%%%---.12%%%-1/.44%%&'1)%*+,%&'1%%%%%-.//1%%%-.114%%%-.0-'%%%-.01-%%%-.'03%%%-11.21%%%--0.00%%%-1(.4(%%%-(&.(&%%%--1.14%%%--(.'4%%%-1/.4'%%&'/)%7+8%&'/%%%%%-./13%%%-.1/-%%%-.01(%%%-.0//%%%-.'0-%%%-11.2'%%%--0.&'%%%-1(.&2%%%--(./'%%%---.14%%%-(&.&-%%%-1/.(&%%&'')%9:*%&''%%%%%-./1'%%%-.113%%%-.01&%%%-.0-3%%%-.'0(%%%-1-./-%%%--0.0&%%%-1-.04%%%--(./&%%%-(&.01%%%-(&.4-%%%-11.3'%%&'0)%;9+%&'0%%%%%-./10%%%-.113%%%-.0-2%%%-.0/-%%%-.''0%%%-1-.1'%%%--2.'&%%%-1(.--%%%--1./3%%%-(&.41%%%---.((%%%-1/./3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&'2)%7+8%&'2%%%%%-./1&%%%-.113%%%-.0-3%%%-.0/-%%%-.'02%%%-1-.02%%%--2.2(%%%--&.32%%%-(&.'2%%%--(.31%%%---.14%%%-1/.0'%%%,=>?@A=BCDBE=>?@A=%F?>G?HI%JKE%024//34%B%LMN?H%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;NI=%2-%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%%%%...................................................................................................................................%%%%,=>?@A=%%BBBBBBBBBBBBB%%%%%OBBBBBBBBBB%PKH@%F=HIGM>%BBBBBBBBBBQ%%%%OBBBBBBBBBBBBBBBBBBBBBB%PKH@%NHIF=>%BBBBBBBBBBBBBBBBBBBBBBQ%%RK.%%6DS=%*=T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5NU%%%LMN?H%%%%HK.%%%%LBR%%%%%LBV%%%%%L)BL%%%%L)BLP%%%RBL)%%%%LBRBL)%%%L)BLBR%%%L)BLBV%%LPBL)BL%%%RBL)BL%%RBL)BLP%%%VBLBR%%%%%%%%%%%@=W%BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%%&'4)%:7+%&'4%%%%%-.//2%%%-.1/1%%%-.0-4%%%-.0'&%%%-.'24%%%-1-.'2%%%--2.4'%%%--&.2&%%%-(&.14%%%--1./(%%%--/.3-%%%-1/.02%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%<%%&'3)%7+8%&'3%%%%%-.//1%%%-.1//%%%-.01/%%%-.0/(%%%-.'04%%%-1-.4-%%%--2.(/%%%-1(.''%%%-(&.4-%%%--/.-'%%%---.11%%%-1/.01%%&'&)%6X,%&'&%%%%%-.//-%%%-.113%%%-.0-3%%%-.0/1%%%-.'2(%%%-11.-0%%%--4.11%%%--&.42%%%-(&.4-%%%--'.0'%%%--(.0'%%%-1/.((%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&0()%Y)7%&0(%%%%%-./13%%%-.1/'%%%-.01&%%%-.0''%%%-.'20%%%-1-./4%%%--'./2%%%-1-.1/%%%--1.0(%%%--(.&3%%%--1.-4%%%-1'./'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z<%%&0-)%)*;%&0-%%%%%-.//-%%%-.1/3%%%-.0/-%%%-.0/0%%%-.'4(%%%-1'.&&%%%--3.2&%%%--3.&/%%%--(.(4%%%--&.40%%%---.1(%%%-11./4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z<%%%%%%%%<%%%%%%%%<%%%%%%%%%%%%%%%<<<%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<<%%&01)%;,V%&01%%%%%-./'3%%%-.113%%%-.0'/%%%-.0/-%%%-.'21%%%--1.10%%%--4.(3%%%--&.'4%%%---.03%%%--1.12%%%-(/.//%%%-1/./2%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<%%&0/)%7+8%&0/%%%%%-.//3%%%-.1/'%%%-.0/4%%%-.0/0%%%-.'3-%%%-1'.(3%%%--3./'%%%--&.--%%%-(&.--%%%--4.3/%%%--(./&%%%-11.0/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%<%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%<<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<%%&0')%;,V%&0'%%%%%-./02%%%-.1/1%%%-.011%%%-.01-%%%-.'03%%%-1(.(1%%%--2./4%%%-1(.1/%%%-(&.44%%%--/.1/%%%-(1.2/%%%-1/./&%%&00)%5+6%&00%%%%%-./12%%%-.1/'%%%-.013%%%-.014%%%-.''1%%%-1-.'0%%%--2.-(%%%-1(./3%%%---.1/%%%-(&.4&%%%-(&.2&%%%-1/.0-%%&02)%:7+%&02%%%%%-.//'%%%-.1/'%%%-.0/1%%%-.0'0%%%-.'22%%%-1/./3%%%--0.0/%%%-1-.-'%%%--(.'3%%%--1.0/%%%--(.''%%%-1/./1%%&04)%;9+%&04%%%%%-./13%%%-.11&%%%-.012%%%-.0/'%%%-.'0'%%%-11.''%%%--2.1&%%%-1(.1'%%%--(.03%%%--/.1(%%%-(&.33%%%-1/.'4%%&03)%7X*%&03%%%%%-.//2%%%-.11&%%%-.0/'%%%-.01&%%%-.'24%%%-1/.&3%%%--0.(&%%%-1-.4(%%%--1.33%%%--1.'4%%%---.'1%%%-1/.1(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&0&)%7+8%&0&%%%%%-./10%%%-.11&%%%-.014%%%-.011%%%-.'02%%%-11.30%%%--2.30%%%--&.3-%%%-(3.4&%%%---.0(%%%-(&.'4%%%-1/./0%%&2()%),[%&2(%%%%%-.//3%%%-.1/(%%%-.01/%%%-.0'-%%%-.'23%%%-11.14%%%--0.'&%%%-1(./-%%%--(.('%%%---.44%%%---.44%%%-1'.-3%%&2-)%)7)%&2-%%%%%-.///%%%-.1/2%%%-.0/(%%%-.0/(%%%-.'2-%%%-1/.31%%%--2./4%%%-1(.13%%%--(.4(%%%--1.(-%%%--(.(2%%%-1/./0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&21)%7+8%&21%%%%%-.//'%%%-.113%%%-.01(%%%-.0/'%%%-.'20%%%-1-.2&%%%--'.01%%%-1-.(3%%%-(3.31%%%--/.4(%%%---.44%%%-1'./&%%&2/)%)*;%&2/%%%%%-./13%%%-.11&%%%-.012%%%-.0/2%%%-.'01%%%-10.(/%%%--2.4/%%%-1(./&%%%---.11%%%-(3.0'%%%-(4.44%%%-11.33%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z<%%%%%%%%%%%%%%%%%%%%Z<%%&2')%7+8%&2'%%%%%-.//-%%%-.1/'%%%-.0/-%%%-.01&%%%-.'03%%%-11.14%%%--0.22%%%-1(.&'%%%---.-1%%%---.'-%%%-(&.&2%%%-1/.'(%%&20)%69,%&20%%%%%-.//-%%%-.1/(%%%-.01'%%%-.021%%%-.'2/%%%-1/.''%%%--0.-/%%%-1-.-0%%%-(3.0-%%%-(&.2(%%%---.('%%%-1/.41%%&22)%[7R%&22%%%%%-./13%%%-.1/(%%%-.0/1%%%-.01/%%%-.'01%%%-1/.--%%%--2.21%%%-1(.1(%%%---.'-%%%---.20%%%-(&.'1%%%-1/.-3%%&24)%6,;%&24%%%%%-.//'%%%-.11/%%%-.0(4%%%-.014%%%-.'2-%%%-11.(-%%%--2.1&%%%-1(.1&%%%-(&.-0%%%--(.21%%%---.42%%%-1/.'1%%&23)%7+8%&23%%%%%-.//(%%%-.1/0%%%-.0/0%%%-.0/(%%%-.'0'%%%-1-.'&%%%--2.'1%%%-1(.2&%%%---.30%%%--(.0/%%%--(./0%%%-11.3&%%&2&)%5+6%&2&%%%%%-.//-%%%-.1/1%%%-.0/2%%%-.013%%%-.'0&%%%-1-.03%%%--2./2%%%-1(./-%%%--(.'1%%%--(./4%%%---.10%%%-1/.//%%&4()%Y)7%&4(%%%%%-.//'%%%-.112%%%-.0/2%%%-.002%%%-.'2/%%%-11.04%%%--4.(/%%%--&.&0%%%---.00%%%-(&./3%%%---.31%%%-11.&&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&4-)%7+8%&4-%%%%%-.//0%%%-.114%%%-.013%%%-.0//%%%-.'2-%%%-11./0%%%--4.-'%%%--&.&3%%%---.11%%%--/.(0%%%---.1&%%%-11.32%%&41)%7X*%&41%%%%%-.//'%%%-.1/-%%%-.0/&%%%-.0'0%%%-.'40%%%-11.2/%%%--2.-/%%%-1-.-(%%%--(.30%%%--1.2(%%%---.-4%%%-11.42%%&4/)%:7+%&4/%%%%%-./14%%%-.1/'%%%-.0'4%%%-.0//%%%-.'0(%%%-11.13%%%--4.1/%%%-1(.-4%%%--(./-%%%--/.2'%%%--(.-&%%%-11.2(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&4')%*+,%&4'%%%%%-.///%%%-.113%%%-.013%%%-.014%%%-.'4/%%%-11.1(%%%--2.40%%%-1(.(3%%%-(&.42%%%--0.(2%%%---.-1%%%-1/.-0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&40)%7+8%&40%%%%%-.///%%%-.1/'%%%-.00'%%%-.0'0%%%-.'23%%%-11.44%%%-1(.03%%%--4.'(%%%--1.03%%%--3.((%%%--(.//%%%-1-.&-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<%%%%%%%Z<%%%%%%%%<%%%%%%%<<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<<%%&42)%;,V%&42%%%%%-./04%%%-.1//%%%-.0'1%%%-.0/3%%%-.'43%%%-11.('%%%--&.-/%%%--4.30%%%--1.2(%%%--4./(%%%-('.3&%%%-11.34%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%Z<%%%%%%%%<%%%%%%%<<%%%%%%%Z<%%%%%%%%%%%%%%%%%%%%<<%%&44)%Y)7%&44%%%%%-./''%%%-.1/-%%%-.0'&%%%-.003%%%-.'24%%%-1/.'3%%%--2.24%%%--&.4&%%%-(&.44%%%---.&2%%%---.'1%%%-1/.'0%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&43)%:7+%&43%%%%%-.///%%%-.1/-%%%-.0-&%%%-.014%%%-.'01%%%-11.3'%%%--2.-(%%%-1(.10%%%--(.10%%%--(.31%%%---./1%%%-1/.20%%&4&)%[7X%&4&%%%%%-.//-%%%-.1/3%%%-.0-3%%%%%B%%%%%-.'00%%%-11.4(%%%--0.3'%%%-1(.44%%%%%%B%%%%%--/.41%%%%%%B%%%%%-1/./&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<%%&3()%7+8%&3(%%%%%-.//1%%%-.1/&%%%-.0/'%%%-.014%%%-.'2&%%%-1/./(%%%--0.40%%%-1-.0(%%%--(.-'%%%--/.(4%%%-(&.&2%%%-11.40%%&3-)%)*;%&3-%%%%%-./14%%%-.1//%%%-.0/(%%%-.01'%%%-.'0(%%%-1-.--%%%--2.'&%%%-1(.43%%%--(.&3%%%---.&4%%%--(./1%%%-11.4-%
   	
    !
"!#$	
    ! 
`8aKCC%aHC:b>C:%=KDKc%%%P>a@:B%HG%%T<E%%%%%TKU%%%%%%%T:KE%%%%8DKE=KB=%%%%%%%%%%%%NHE=%%%%%%d?L+V9%CK@:CC<EF%%%%%%%%%%%%%%%%%%T:KE%%8D.%=:W%%%%%%%WKC>:;%%%WKC>:%%%WKC>:%%%%%%WKC>:%%%=:W<KD<HE%%%%%%%%%%%?????????????????????????????????????????????????????????????????????????????????????????????????????????????%%%%%%%%%%%I?P%%%%%%%I?PX-%%%%%%%%%%%%`:Ub:RD%LBHc%%%%-./(&%%%3.3-2%%%%%%%%%%&2'%%%%-./-3%%%-./1/%%%%%%%-.//-%%%%%3.334%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z%%%%%%[Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%I?P%%%%%%%%%%%%%%`LBHc%%%%%%%%%%%-./2-%%%3.3-4%%%%%%%%%%%21%%%%-.//2%%%-./4(%%%%%%%-./2&%%%%%3.330%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%I?V%%%%%%%I?V%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%-.(/-%%%3.3(3%%%%%%%%%%&&2%%%%-.-&&%%%-.(41%%%%%%%-.(/(%%%%%3.33'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%[Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%I)?I%%%%%%IX-6?I%%%%%%%%%%%`:Ub:RD%*CAc%%%%-.1(1%%%3.3(-%%%%%%%%%%&(0%%%%-.2&(%%%-.14&%%%%%%%-.1('%%%%%3.3-(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%ZZ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%IX(*Z?I%%%%%%%%%%`*CAc%%%%%%%%%%%-.1-4%%%3.3-'%%%%%%%%%%%40%%%%-.130%%%-.12/%%%%%%%-.1(-%%%%%3.33'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%I)?IN%%%%%IX-6?IX/6%%%%%%%%`)CKc%%%%%%%%%%%-.1(-%%%3.3//%%%%%%%%%%%&-%%%%-.241%%%-.142%%%%%%%-.1(2%%%%%3.3-4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%%Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%IX-6?IX-6%%%%%%%%`5C:eQJBeYKCc%%%-.123%%%3.3(0%%%%%%%%%%(-&%%%%-.2'-%%%-.1&(%%%%%%%-.12&%%%%%3.3-0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ZZ%%%%%%[Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%IX-6?IX(6%%%%%%%%`DJ:%B:;Dc%%%%%%-.1/3%%%3.3(3%%%%%%%%%%4-0%%%%-.2&1%%%-.101%%%%%%%-.1//%%%%%3.3-3%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%ZZ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%P?I)%%%%%%PX-?IX-6%%%%%%%%%`:Ub:RD%*CAeLBHc-.21'%%%3.3-&%%%%%%%%%%''(%%%%-.2-4%%%-.2&&%%%%%%%-.21&%%%%%3.3--%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%ZZ%%%%%%ZZ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%PX-?IX(*Z%%%%%%%%`*CAc%%%%%%%%%%%-.21-%%%3.3-4%%%%%%%%%%%40%%%%-.2/0%%%-.202%%%%%%%-.21&%%%%%3.33'%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%P?IX-6%%%%%%%%%%%`LBHc%%%%%%%%%%%-.244%%%3.3-1%%%%%%%%%%%21%%%%-.22(%%%-.2''%%%%%%%-.241%%%%%3.3--%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[Z%%%%%%%Z%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%?????????????????????????????????????????????????????????????????????????????????????????????????????????????%%%9:;<=>:?@A?B:;<=>:%C<;D<EF%GHB%140//'0%?%IJK<E%)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%LKF:%42%????????????????????????????????????????%
   	
    !
"!#$	
    !  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'''''''''''''''''&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(%%%)*+,%-+./01%%%(%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'''''''''''''''''&%%%%%%%%%%%%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%213455%36578957%:4;4<%%%+93=7>%6?%%@AB%%%%%@4C%%%%%%%@74B%%%%1;4B:4>:%%%%%%%%%%%%-BD57%%%%%E'F/*G%54=755ABD%%%%%%%%%%%%%%%%%%@74B%%1;H%:7I%%%%%%%I4597J%%%I4597%%%I4597%%%%%%I4597%%%:7IA4;A6B%%%%%%%%%%%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%%%%%%%%%%%K-'K'+%%%%KLM0'K'+LM%%%%%%%27C87N;%.5OPF>6<MMQHR%%%%%RHS%%%%%%%%%%TTM%%%MMRHQM%%MRSHUT%%%%%%MMQHVT%%%%%%SHWQ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%%XX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KLR.X'K'+LM%%%%%%2.5O<%%%%%%%%%%%MMQHV%%%%%RHM%%%%%%%%%%%QY%%%MMVHVQ%%MRSHSV%%%%%%MMQHUR%%%%%%MHSM%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KLM0'K'+%%%%%%%%%2F>6<%%%%%%%%%%%MMQHW%%%%%MHU%%%%%%%%%%%VU%%%MMVHWZ%%MMWHMZ%%%%%%MMQHWY%%%%%%SHWV%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*'K'+%%%%%*'K'+LM%%%%%%%%%%27C87N;%F>6<%%%%MRZHS%%%%%MHQ%%%%%%%%%%WVT%%%MRSHZT%%MRUHSY%%%%%%MRZHMM%%%%%%SHQR%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*'K'+%%%%%%%%%%%%2F>6<%%%%%%%%%%%MRRHS%%%%%MHV%%%%%%%%%%%VU%%%MRMHYQ%%MRVHRT%%%%%%MRZHMT%%%%%%SHUY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K'+'K-%%%%K'+LM'KLM0%%%%%%%27C87N;%.5OPF>6<MRMHY%%%%%MHT%%%%%%%%%%TTM%%%MMYHZW%%MRTHRR%%%%%%MRRHSW%%%%%%MHVW%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XX%%%%&XXX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K'+LM'KLR.X%%%%%%2.5O<%%%%%%%%%%%MRSHQ%%%%%MHY%%%%%%%%%%%QY%%%MMTHSM%%MRQHMR%%%%%%MRRHVS%%%%%%MHZW%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%XXX%%%%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K'+'KLM0%%%%%%%%%2F>6<%%%%%%%%%%%MRRHQ%%%%%UHS%%%%%%%%%%%VU%%%MMRHRU%%MRVHRW%%%%%%MRSHMY%%%%%%RHVV%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K-'K'*%%%%KLM0'K'*%%%%%%%%%27C87N;%.5O<%%%%MRSHT%%%%%MHY%%%%%%%%%%WRY%%%MMQHTU%%MRRHQT%%%%%%MRSHZV%%%%%%SHYV%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XX%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KLR.X'K'*%%%%%%%%2.5O<%%%%%%%%%%%MRSHT%%%%%RHM%%%%%%%%%%%QY%%%MMTHRS%%MRRHRU%%%%%%MRSHUR%%%%%%SHYY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K)'K-'K%%%KLZ0'KLM0'K%%%%%%2-54<%%%%%%%%%%%MMSHU%%%%%MHU%%%%%%%%%%%WM%%%MSTHUM%%MMMHTQ%%%%%%MMSHVW%%%%%%SHUT%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KLM0'KLM0'K%%%%%%2[57P\]>P^45<%%%MSWHM%%%%%RHR%%%%%%%%%%RMW%%%MSUHQT%%MMQHSM%%%%%%MMSHUS%%%%%%MHQV%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&X%%%%%XXX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%KLR0'KLM0'K%%%%%%2;]7%>7J;<%%%%%%MMSHM%%%%%MHW%%%%%%%%%%QMY%%%MSZHWV%%MMVHTZ%%%%%%MMSHVZ%%%%%%MHVY%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XXX%%%%%%XX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+'K-'K%%%%+LM'KLM0'K%%%%%%%27C87N;%.5OPF>6<MMMHR%%%%%RHT%%%%%%%%%%TTR%%%MSRHVZ%%MMWHYU%%%%%%MMMHZU%%%%%%RHRU%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XXX%%%%%XXX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+LM'KLR.X'K%%%%%%2.5O<%%%%%%%%%%%MMRHU%%%%%RHW%%%%%%%%%%%QY%%%MSQHRV%%MMTHMU%%%%%%MMRHRY%%%%%%RHMT%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XX%%%%%%&X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+'KLM0'K%%%%%%%%%2F>6<%%%%%%%%%%%MMMHT%%%%%RHU%%%%%%%%%%%VU%%%MSTHTV%%MMYHZY%%%%%%MMRHVU%%%%%%RHMZ%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X%%%%%%XX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+'K-'K)%%%+LM'KLM0'KLZ0%%%%2-54<%%%%%%%%%%%MMSHV%%%%%MHU%%%%%%%%%%%WM%%%MSYHMU%%MMRHMR%%%%%%MMSHVS%%%%%%SHWS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XX%%%%%%%X%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+LM'KLM0'KLM0%%%%2[57P\]>P^45<%%%MMMHU%%%%%MHY%%%%%%%%%%RMW%%%MSRHTT%%MMVHWY%%%%%%MMMHQW%%%%%%MHZU%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XUHMX%%%%%%XX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+'KLM0'KLR0%%%%%%2F>6<%%%%%%%%%%%MSZHS%%%%%MHM%%%%%%%%%%%VU%%%MSRHZU%%MMMHYU%%%%%%MSZHQY%%%%%%MHZU%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%XTHSX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+LM'KLM0'KLR0%%%%2;]7%>7J;<%%%%%%MMSHU%%%%%MHY%%%%%%%%%%UYR%%%MSZHTT%%MMQHTZ%%%%%%MMSHQU%%%%%%MHZT%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&XXX%%%%&XXX%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%%\]7%J3455%36578957%:4;4%9J7:%AB%;]7%4=6I7%4B45OJAJ%AJ%?>63%0BD]%_%L9=7>%2MWWM<H%\]7%4;63%54=755ABD%?6556`J%;]4;%9J7:%AB%;]7%E'F/*G%:A8;A6B4>OP%`A;]%J637%4::A;A6B45%4;63J%234>a7:%`A;]%4B%4J;7>AJa<%4J%:7?AB7:%=O%0BD]%_%L9=7>H%%%G7JA:97'=O'>7JA:97%5AJ;ABD%?6>%UQYZZTY%'%K]4AB%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%F4D7%QU%''''''''''''''''''''''''''''''''''''''''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%)%%-%%,%%%%%K%%*%%+%%\%%-%%K%%\%%1%%%%%/%%[%%1%%\%%[%%+%%.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G7JA:97%%%%%%%%%%%%%%%%%G7JA:97%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'''''''''''%%%%%%%%%%%%%'''''''''''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+6H%%%\ON7%%%%%%%%%%%%%%+6H%%%\ON7%%%%%%%%%%%%%%K6B;48;%%%%%,AJ;4B87%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K]4AB%%%%%%-;63%%%%%%%%%%K]4AB%%%%%-;63%%%%%%%;ON7%%%%%%2-BDJ;>63J<%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''%%%%%%%%%%%%%%%%%%%%%%%%%%MH%%%%RTY%%-%10G%%%%*.%%%''b%%RTW%%-%FL0%%%%K0M%%%%%%1A:7'1A:7%%%%%%%RHU%%%%%%%%%%%%%%%%%%%%%%%%%%RH%%%%VSR%%-%^-/%%%%K.M%%''b%%VSZ%%-%-G.%%%%+%%%%%%%%1A:7'@4AB%%%%%%%RHQ%%%%%%%%%%%%%%%%%%%%%%%%%%ZH%%%%VSV%%-%FG*%%%%K.%%%''b%%VUR%%-%@0\%%%%*%%%%%%%%1A:7'@4AB%%%%%%%RHZ%%%%%%%%%%%%%%%%%%%%%%%%%%VH%%%%VMR%%-%./c%%%%*0M%%''b%%URW%%-%-G.%%%%K,%%%%%%%1A:7'1A:7%%%%%%%RHQ%%%%%%%%%%%%%%%%%%%%%%%%%%UH%%%%TQT%%-%10G%%%%*%%%%''b%%TQW%%-%./+%%%%*%%%%%%%%@4AB'@4AB%%%%%%%RHQ%%%%%%%%%%%%%%%%%%%%%%%%%%QH%%%%WUM%%-%-1F%%%%*%%%%''b%%WUR%%-%FG*%%%%K%%%%%%%%@4AB'@4AB%%%%%%%RHQ%%%G7JA:97'=O'>7JA:97%5AJ;ABD%?6>%UQYZZTY%'%K]4AB%-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%F4D7%QQ%''''''''''''''''''''''''''''''''''''''''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G%-%@%-%K%L%-%+%,%G%-%+%%%F%/%*%\%%%1%\%-%\%[%1%\%[%K%1%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G7JA:97J%AB%36J;%?4I69>7:%>7DA6BJ%%%%%%d-P)P/e%%%%%%%%%%YWU%%%%%%%WSHZf%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G7JA:97J%AB%4::A;A6B45%4556`7:%>7DA6BJ%d4P=P5PNe%%%%%%%%%YW%%%%%%%%WHSf%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G7JA:97J%AB%D7B7>69J5O%4556`7:%>7DA6BJ%dg4Pg=Pg5PgNe%%%%%%U%%%%%%%%SHQf%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%G7JA:97J%AB%:AJ4556`7:%>7DA6BJ%%%%%%%%%dEEe%%%%%%%%%%%%%%%M%%%%%%%%SHMf%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%''''%%%%%%''''''%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+93=7>%6?%B6B'D5O8AB7%4B:%B6B'N>65AB7%>7JA:97J%%%%%%%%%%TTS%%%%%%MSSHSf%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%+93=7>%6?%7B:'>7JA:97J%27C85H%.5O%4B:%F>6<%%%%%%%%%%%%%%%%R%
   	
    !
"!#$	
    ! 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'()*+%,-%./0123*%+*425'*4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%67%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&'()*+%,-%8+,/23*%+*425'*4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%9:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%<,=>/%3'()*+%,-%+*425'*4%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%??9%%%%%%@>4*5%,3%=A*%>3>/0424%,-%BBC%4=+'1='+*4%,-%+*4,/'=2,3%,-%>=%/*>4=%DEF%G3.4=+,(4%>35%H;->1=,+%3,%.+*>=*+%=A>3%DFIJ%>%.,,5%%%%K'>/2=0%(,5*/%L,'/5%)*%*M8*1=*5%=,%A>N*%,N*+%?FI%23%=A*%(,4=%->N,'+*5%+*.2,34%OPJQJRSE%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%T%<%P%H%P%U%V%Q%P%W%X%T%<%H%Y%%%U%Z%%%W%G%X%&%;%V%Q%G%X%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%V,(8>+24,3%N>/'*4%%%%&,E%,-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&,E%,-%%%[>+>(*=*+%%<0821>/%%%@>35%%%%)>35%L25=A4%%%%%%%%%%%%%%%%%%%%%%%T=*+*,1A*(21>/%8>+>(*=*+%%%%5>=>%8=4%%%%N>/'*%%%%%N>/'*%%%%L25=A%%%%-+,(%(*>3%%%%%%%%%%%%%%%%%%%%%%%%;;;;;;;;;;;;;;;;;;;;;;;;%%%%;;;;;;;;%%%%;;;;;%%%%%;;;;;%%%%;;;;;%%%%;;;;;;;;;%%%%%%%%%%%%%%%%%%%%%>E%I;=>.*%+*425'*4%23%GJ%@J%R%%%%CCF%%%%%%%%?FE\%%%%%%CCED%%%%BFEF%%%%%%%%FED%%%X3425*%%%%%%%%%%%%%%%%%%%%%)E%U(*.>%>3./*%4=%5*N%%%%%%%%%%%%??\%%%%%%%%%:E7%%%%%%%6EF%%%%%\EF%%%%%%%;FEB%%%X3425*%%%%%%%%%%%%%%%%%%%%%1E%@>5%1,3=>1=4%]%BFF%+*425'*4%%%%%6%%%%%%%%%FE6%%%%%%%BEF%%%%BFEF%%%%%%%;FEF%%%X3425*%%%%%%%%%%%%%%%%%%%%%5E%^*=>%>3./*%4=%5*N%%%%%%%%%%%%%?D7%%%%%%%%%BEC%%%%%%%\EB%%%%%BE6%%%%%%%;FEC%%%X3425*%%%%%%%%%%%%%%%%%%%%%*E%Q;),35%*3*+.0%4=%5*N%%%%%%%%%%67:%%%%%%%%%FE7%%%%%%%FE7%%%%%FED%%%%%%%%FED%%%X3425*%%%%%%%%%%%%%%%%%%%%%-E%UN*+>//%_;->1=,+%%%%%%%%%%%%%%??9%%%%%%%%%FEB%%%%%%;FED%%%%%FE\%%%%%%%%FEC%%%X3425*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%T%<%P%H%P%U%V%Q%P%W%X%T%<%H%Y%%%U%Z%%%T%X%`%P%;%V%Q%G%X%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%V,(8>+24,3%N>/'*4%%%%&,E%,-%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&,E%,-%%%[>+>(*=*+%%<0821>/%%%@>35%%%%)>35%L25=A4%%%%%%%%%%%%%%%%%%%%%%%T=*+*,1A*(21>/%8>+>(*=*+%%%%5>=>%8=4%%%%N>/'*%%%%%N>/'*%%%%L25=A%%%%-+,(%(*>3%%%%%%%%%%%%%%%%%%%%%%%%;;;;;;;;;;;;;;;;;;;;;;;;%%%%;;;;;;;;%%%%;;;;;%%%%%;;;;;%%%%;;;;;%%%%;;;;;;;;;%%%%%%%%%%%%%%%%%%%%%>E%VA2;B%.>'1A*%(23'4%4=%5*N%%%%%BF\%%%%%%%%B:EB%%%%%%B\E6%%%%%6E:%%%%%%%%FED%%%X3425*%%%%%%%%%%%%%%%%%%%%%)E%VA2;B%=+>34%4=%5*N%%%%%%%%%%%%D:6%%%%%%%%B6E6%%%%%%B:E\%%%%%:E\%%%%%%%%FE\%%%X3425*%%%%%%%%%%%%%%%%%%%%%1E%VA2;B%.>'1A*%8/'4%4=%5*N%%%%%%9\D%%%%%%%%B9E:%%%%%%B\EC%%%%%9E?%%%%%%%%FEB%%%X3425*%%%%%%%%%%%%%%%%%%%%%5E%VA2;B%8,,/*5%4=%5*N%%%%%%%%%%%7?B%%%%%%%%B:E\%%%%%%B9E\%%%%%9EC%%%%%%%%FED%%%X3425*%%%%%%%%%%%%%%%%%%%%%*E%VA2;D%=+>34%4=%5*N%%%%%%%%%%%%DCF%%%%%%%%B6ED%%%%%%B7E7%%%%%:EF%%%%%%%;FE\%%%X3425*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W%U%H%H%X%T%%%P%<%%%G%R%E%%%V%R%G%T%T%X%Z%X%V%G%<%X%U%&%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W*>3%%T=E5*N%%%%%%%%%%%%%%%%%V/>442-21>=2,3%%%%%%%%%%%%%%%%[>+>(*=*+%%%%%%%%%%%%%%%%%(%%%%%4%%%%%%%%%%%B%%%%%%%%%D%%%%%%%%%%\%%%%%%%%9%%%%%%%a>/'*%%%%%V/>44%%%%%%%%%%%%%%%%;;;;;;;;;%%%%%%%%%%%%%%%;;;;%%%;;;%%%%%%;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;%%%%%%;;;;;%%%%%;;;;;%%%%%%%%%%%%%%%%[A2;842%524=+2)'=2,3%%%%%;%%%%%%;%%%%%%%%b7:EFI%%%%b6:EFI%%%%b::EFI%%%%c::EFI%%%%%%?FE\%%%%%%%B%%%%%%%%%%%%%%%%VA2;B%4=E5*NE%%%%%%%%%%%BCED%%%6ED%%%%%%%cBDEF%%%%%cBCED%%%%%cD9E9%%%%%bD9E9%%%%%%%B9E:%%%%%%%D%%%%%%%%%%%%%%%%Q;),35%*3*+.0%4=%5*N%%%%%FEC7%%FED9%%%%%%cFE6\%%%%%cFEC7%%%%%cBEBB%%%%%bBEBB%%%%%%%FE7\%%%%%%%D%%%H*425'*;)0;+*425'*%/24=23.%-,+%:67\\C7%;%VA>23%G%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[>.*%67%;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%_%;%Z%G%V%<%U%H%T%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%GN*+>.*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[>+>(*=*+%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%T1,+*%%%%%%%%%%%%T1,+*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;;;;;;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;;;%%%%%%%%%%%%;;;;;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%`2A*5+>/%>3./*4d;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%[A2;842%524=+2)'=2,3%%%%%%%%%%%%%%%%%;FEBD%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%VA2B;1A2D%524=+2)'=2,3%%%%%%%%%%%%%%%;FEBC%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%VA2B%,3/0%%%%%%%%%%%%%%%%%%%%%%%%%%%%;FEFD%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%VA2\%e%1A29%%%%%%%%%%%%%%%%%%%%%%%%%%%FE9:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%U(*.>%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;FE:B%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;;;;%%%%%%%%%%%%;FEB?%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%fffff%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W>23;1A>23%1,N>/*3=%-,+1*4d;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W>23;1A>23%),35%/*3.=A4%%%%%%%%%%%%%%%FE:F%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%W>23;1A>23%),35%>3./*4%%%%%%%%%%%%%%%%FE\6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%;;;;;;%%%%%%%%%%%%%FE9D%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%fffff%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%UaPHGRR%GaPHG_P%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FEF:%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%fffff%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%X5*>//0J%41,+*4%4A,'/5%)*%>),N*%;FE:E%a>/'*4%)*/,L%;BEF%(>0%3**5%23N*4=2.>=2,3E%
5673387_09.ps
RMS distances from planarity
5673387 - Chain A
PROCHECK
Page  1
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
ARG
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
ASN
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
ASP
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
GLN
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
GLU
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
HIS
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
PHE
Fr
eq
ue
nc
y
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
TRP
Fr
eq
ue
nc
y
1
0.00 0.01 0.02 0.03 0.04 0.05
   10
   20
   30
   40
   50
TYR
Fr
eq
ue
nc
y
1
Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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5673387 - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   103        15.1      13.6     6.5        0.2    Inside 
b. Chi-1 trans st dev         
   256        16.6      15.3     5.3        0.3    Inside 
c. Chi-1 gauche plus st dev   
   432        14.5      13.8     4.9        0.1    Inside 
d. Chi-1 pooled st dev        
   791        15.3      14.3     4.8        0.2    Inside 
e. Chi-2 trans st dev         
   280        16.2      17.7     5.0       -0.3    Inside 
Chain#:1
File: /var/www/SAVES/Jobs/24673517//errat.pdb
Overall quality factor**: 91.624
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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File: /var/www/SAVES/Jobs/24673517//errat.pdb
Overall quality factor**: 91.624
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/24673517//errat.pdb
Overall quality factor**: 91.624
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/24673517//errat.pdb
Overall quality factor**: 91.624
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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SERCA1a−3B_x.pdb_MODEL_1
Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
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Chi1-Chi2 plots
4454387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Chi1-Chi2 plots
4454387 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Main-chain bond lengths        
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Bonds differing by > 0.05A from small-molecule values. Values shown: "ideal", difference, actual
Main-chain bond angles        
A Val 437
N C
CA
111.2
 10.3100.9
Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
A Tyr 122
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Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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4454387 - Chain A  
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HIS 284 (A)
SER 287 (A)
SER 503 (A)
ARG 505 (A)
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TYR 867 (A)
GLU 889 (A)ALA 988 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   762  86.6%
Residues in additional allowed regions  [a,b,l,p]    
   106  12.0%
Residues in generously allowed regions  [~a,~b,~l,~p]
     8   0.9%
Residues in disallowed regions                       
     4   0.5%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   880 100.0%
Number of end-residues (excl. Gly and Pro)           
     1       
Number of glycine residues (shown as triangles)      
    68       
Number of proline residues                           
    45       
                                                     
  ----       
Total number of residues                             
   994       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   880        86.6      88.2    10.0       -0.2    Inside 
b. Omega angle st dev         
   991         5.6       6.0     3.0       -0.1    Inside 
c. Bad contacts / 100 residues
    15         1.5       1.0    10.0        0.0    Inside 
d. Zeta angle st dev          
   926         1.7       3.1     1.6       -0.9    Inside 
e. H-bond energy st dev       
   657         0.8       0.7     0.2        0.6    Inside 
f. Overall G-factor           
   994         0.0      -0.2     0.3        0.7    Inside 
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Ramachandran plots for all residue types
4454387 - Chain A  
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Ps
i  
   
   
   
  
A  80
A 889
A  45
A  82
Glu (78)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 864
A 831
Gly (67)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 284
His (12)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
4454387_02.ps
Page  2
PROCHECK
Ramachandran plots for all residue types
4454387 - Chain A  
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
A 987
Ile (72)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 953
Leu (93)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 352
A  47
Lys (53)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
Met (32)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A  78
A 856
Phe (37)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 952
A 827
Pro (45)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  A 167
A 503
A 424
A 504
A 767
Ser (57)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 778
A  22
A 871
A 355
A 171
A 558
Thr (62)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Trp (13)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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PROCHECK
Ramachandran plots for all residue types
4454387 - Chain A  
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
A 858
A 867
Tyr (22)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 155
A 798
A 283
A 865A 950
Val (82)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
A
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
MEAAHSKSTEECLAYFGVS ETTGLT PDQVKRHLEKYGHNEL PAEEGKSLWELV I EQF EDLLVR I LLLAAC I S FVLAWFEEGEET I TAFVEP FV I LL I L I A
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
* . . . . *
*
* . . *
*
+
* . . * * *
*
+
* * * * * *
+
* *
+
. . * * . *
*
*
. *
+
*
+
*
+
*
*
*
*
*
+
. . * *
+
. *
+
* *
*
+
*
*
* *
*
*
*
. * *
*
+
*
*
*
*
+
. *
+
*
*
. * . *
+
*
*
*
*
*
+
. * *
*
*
+
*
*
*
+
*
2
.
5
*
*
*
*
*
* *
+
. * * * *
+
. . * . . *
*
*
*
* . . . * * *
+
*
*
*
*
*
*
*
*
* *
+
*
*
*
+
. * * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NA I VGVWQERNAENA I EALKEYE PEMGKVYRADRKSVQR I KARD I VPGD I VEVAVGDKVPAD I R I LS I KSTTLRVDQS I LTGE SVSV I KHTEPVPDPRAV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
*
+
* . . * *
*
*
*
9
.
4
*
*
*
* . * . * *
+
. *
+
. . * * * *
+
* *
+
* . . *
*
+
* *
*
* * . * * . * . *
+
. * . . . * * . *
*
+
*
+
. * . . . * *
*
*
* *
+
*
+
* *
*
+
*
+
* * *
*
+
* *
*
*
*
+
*
*
+
*
*
*
*
* . . *
+
. *
+
* *
*
*
*
*
+
*
0
.
5
*
. . . . * * * * . . *
*
*
*
*
+
* . *
+
* * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NQDKKNMLF SGTN I AAGKALG I VATTGVS TE I GK I RDQMAATEQDKT PLQQKLDE FGEQLSKV I S L I CVAVWL I N I GHFNDPVHGGSWI RGA I YYFK I AV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . * *
+
*
*
+
. *
+
. . . *
*
+
. * . . . * . . *
+
* * . *
+
. *
+
. . . *
+
* * * . . . . * *
+
*
+
* *
+
*
+
* *
*
*
*
* *
*
*
*
+
*
+
*
+
* *
*
*
*
*
*
*
*
. * *
+
*
+
*
*
*
*
+
* * *
+
* *
+
*
+
*
+
*
+
* * * *
*
*
*
*
+
*
+
*
*
*
*
+
*
+
. *
+
* *
*
. . *
*
. . * . *
*
*
*
*
*
+
*
+
*
+
* *
+
*
+
* *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
ALAVAA I PEGL PAV I TTCLALGTRRMAKKNA I VRS LP SVETLGCT SV I CSDKTGTLTTNQMSVCKMF I I DKVDGDFCSLNE F S I TGS TYAP EGEVLKNDK
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
* *
+
* * * * * *
*
*
*
+
*
+
*
+
* . *
+
*
+
. *
+
*
*
* . * * * . . * *
*
*
+
*
*
. . * *
+
* *
*
+
* *
+
* *
*
*
+
*
*
*
*
*
+
. *
*
*
+
. . . *
+
*
+
*
*
+
* *
+
* . *
+
*
*
*
+
* * * *
+
* * . *
+
* *
+
. *
+
. *
+
. . *
+
*
*
*
*
* * *
+
* *
+
*
+
. . . *
*
+
. . . . * * . *
+
* *
*
*
*
* * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
P I RSGQFDGLVELAT I CALCNDS SLDFNETKGVYEKVGEATETALTTLVEKMNVFNTEVRNLSKVERANACNSV I RQLMKKEF TLEF SRDRKSMSVYCS P
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
* . *
+
*
+
* *
+
. *
+
. *
+
. . *
+
* . * *
+
* *
*
*
*
*
* . * * . *
+
. . *
+
. . . *
+
. *
+
* . * *
*
+
* *
+
*
+
* . *
+
* * . * . . * *
+
. * . . . *
+
. . *
*
* * *
*
+
* *
+
* *
+
* * . * * *
+
* *
+
*
*
. *
+
*
+
*
*
+
* *
*
+
*
*
* *
+
*
+
. . . * * . . . *
+
*
*
* *
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
AKS SRAAVGNKMFVKGAPEGV I DRCNYVRVGTTRVPMTGPVKEK I LSV I KEWGTGRDTLRCLALATRDT P PKREEMVLDDS SRFMEYETDLTFVGVVGML
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
*
*
+
*
*
*
*
*
*
*
*
. *
*
. . *
+
*
+
. *
+
*
*
+
. . *
+
*
*
* * . *
+
. * * . *
*
*
*
*
* * *
+
. *
*
+
. * * . *
+
* * * * *
*
*
+
. . . * . . . * *
+
*
+
*
0
.
8
*
*
*
. . *
*
+
. *
*
+
*
+
* *
+
*
+
*
*
*
. *
+
* *
+
*
+
* *
+
. . * *
*
*
+
*
+
. *
*
* . *
+
. . . * . *
*
*
+
*
+
. * *
+
. *
+
. * * *
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
DP PRKEVMGS I QLCRDAG I RV IMI TGDNKGTA I A I CRR I G I FGENEEVADRAYTGRE FDDL PLAEQREACRRACCFARVEP SHKSK I VEYLQSYDE I TAM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
+
*
*
*
*
* * *
+
* . . . * . . . * *
+
. . * * . . *
+
*
*
+
*
+
*
+
. * . . *
+
. * . * . . . . *
*
* * . *
+
. *
*
*
+
*
+
. * * . *
*
*
+
* . *
*
. . . *
+
*
*
*
+
* . *
+
. *
*
+
. . *
+
*
*
+
*
*
+
*
+
. * . * *
+
* . *
+
*
+
* *
+
. . * *
+
. * *
+
*
+
*
*
+
*
*
+
*
*
*
+
* *
+
*
*
.
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TGDGVNDAPALKKAE I G I AMGSGTAVAKTAS EMVLADDNF S T I VAAVEEGRA I YNNMKQF I RYL I S SNVGEVVC I FLTAALGL PEAL I PVQLLWVNLVTD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
. *
*
+
* * . * . . . *
+
* * *
*
+
. * . *
*
. * *
+
. . *
+
. * . * *
*
* * . . * *
*
. * . . *
+
* * . *
+
. * . . . . . *
+
*
+
. . . *
*
* * *
*
* * * * *
*
*
+
*
*
+
*
*
*
+
* * * * * *
*
*
*
*
*
+
* *
4
.
6
*
*
2
.
6
*
* * . * *
+
*
+
. . * *
*
*
+
*
+
. *
+
*
+
*
+
*
+
*
*
. . *
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Page  8
4454387_06.ps
Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GLPATALGFNP PDLD IMDRP PRS PKEP L I SGWL F FRYMA I GGYVGAATVGAAAWWFMYAEDGPGVTYHQLTHFMQCTEDHPHF EGLDCE I F EAPE PMTMA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
*
+
* . * . * . *
*
+
. *
+
*
+
. *
*
+
*
+
* . * *
*
*
+
*
+
* . *
+
* . *
+
* * * . *
+
. *
+
*
*
+
*
+
*
*
*
*
*
+
*
*
* * *
+
* *
+
* *
*
*
*
*
+
*
+
*
*
*
*
*
*
+
. * *
+
* * *
+
*
+
*
+
. * * *
+
*
*
+
. *
*
*
*
* * * * . *
*
* * *
+
*
+
*
*
+
. . *
*
*
+
*
+
* . * * . *
*
* *
+
* *
+
* . *
+
*
+
* . *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
c
c
c
c
c = cis-peptide
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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Residue properties
4454387 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
   10
   20
   30
   40
   50
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L SVLVT I EMCNALNS LS ENQS LMRMP PWVN IWLLGS I CL SMSLHF L I LYVDPL PMI FKLKALDLTQWLMVLK I SL PV I GLDE I LKF I ARNYLEG
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
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Ave
  -0.39
  -0.24
   0.03
   0.47
  -0.44
  -0.25
   0.56
   0.38
   0.45
   0.03
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RMS distances from planarity
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Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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4454387 - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   123        17.3      13.6     6.5        0.6    Inside 
b. Chi-1 trans st dev         
   254        15.8      15.3     5.3        0.1    Inside 
c. Chi-1 gauche plus st dev   
   418        13.8      13.8     4.9        0.0    Inside 
d. Chi-1 pooled st dev        
   795        15.1      14.3     4.8        0.2    Inside 
e. Chi-2 trans st dev         
   270        15.5      17.7     5.0       -0.4    Inside 
Chain#:1
File: /var/www/SAVES/Jobs/22683606//errat.pdb
Overall quality factor**: 88.308
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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SERCA1-3FGO-CPA
Chain#:1
File: /var/www/SAVES/Jobs/22683606//errat.pdb
Overall quality factor**: 88.308
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/22683606//errat.pdb
Overall quality factor**: 88.308
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/22683606//errat.pdb
Overall quality factor**: 88.308
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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PROVE
SERCA1−3FGO−CPA.pdb_MODEL_1
Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
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Chi1-Chi2 plots
3301948 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
3301948 - Chain A  
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
A 973
A 716
Ile (70)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 857A 992
Leu (97)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 352
A 972
A  47
Lys (52)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
Met (28)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 883
Phe (36)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Pro (45)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
Ser (50)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 554
A 247
A 355
A 242
A 558
A  22
Thr (64)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Trp (13)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
3301948 - Chain A  
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
Ps
i  
   
   
   
  
A 949
A 867
Tyr (23)
-180 -90 0 90 180
  -90
    0
   90
  180
Phi             
A 530
A 283
A 865
Val (85)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Main-chain bond angles        
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Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
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Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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3301948 - Chain A  
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LYS 47 (A)
GLN 244 (A)
VAL 283 (A)
SER 287 (A)
VAL 865 (A)
TYR 867 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   793  90.1%
Residues in additional allowed regions  [a,b,l,p]    
    81   9.2%
Residues in generously allowed regions  [~a,~b,~l,~p]
     2   0.2%
Residues in disallowed regions                       
     4   0.5%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   880 100.0%
Number of end-residues (excl. Gly and Pro)           
     1       
Number of glycine residues (shown as triangles)      
    68       
Number of proline residues                           
    45       
                                                     
  ----       
Total number of residues                             
   994       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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3301948 - Chain A
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   880        90.1      88.2    10.0        0.2    Inside 
b. Omega angle st dev         
   990         6.4       6.0     3.0        0.1    Inside 
c. Bad contacts / 100 residues
     3         0.3       1.0    10.0       -0.1    Inside 
d. Zeta angle st dev          
   926         1.6       3.1     1.6       -0.9    Inside 
e. H-bond energy st dev       
   664         0.7       0.7     0.2       -0.2    Inside 
f. Overall G-factor           
   994        -0.1      -0.2     0.3        0.3    Inside 
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
A
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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c. C-alpha chirality: abs. deviation of zeta torsion
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bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
AKS SRAAVGNKMFVKGAPEGV I DRCNYVRVGTTRVPLTGPVKEK IMAV I KEWGTGRDTLRCLALATRDT P PKREEMVLDDSARFLEYETDLTFVGVVGML
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. *
+
* . *
*
+
*
+
* . *
+
. *
*
+
. *
+
*
*
. . *
+
*
+
* . . *
*
. *
+
*
+
. . *
*
*
+
* * *
+
*
+
* * . *
*
* *
+
* . . . *
*
+
. . . . *
+
. * . * * *
+
*
*
*
+
*
*
*
* * *
+
* *
*
*
*
+
. * * *
*
*
. *
+
*
+
*
*
*
+
*
*
* . * * *
+
*
*
* . * *
*
. *
+
* * . *
+
*
+
* . *
+
. . . . *
+
. * . *
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
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3301948_06.ps
Residue properties
3301948 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
DP PRKEVTGS I QLCRDAG I RV IMI TGDNKGTA I A I CRR I G I FGENEEVADRAYTGRE FDDL PLAEQREACRRACCFARVEP SHKSK I VEYLQSYDE I TAM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
*
+
*
*
*
*
*
+
. * *
*
*
+
. . . * *
+
. * * * . *
+
*
+
. *
*
* * * *
+
*
+
* . . . . . * *
+
. * * * *
*
+
*
*
*
*
. * * *
+
*
+
. . . . * *
*
*
*
. . *
*
. * * *
+
*
*
*
* * . *
+
. . . . * *
+
*
*
* . *
+
*
+
. *
+
*
*
* . * *
+
*
*
* * * * . *
+
. * *
*
+
* *
+
*
+
* *
*
*
*
*
+
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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3301948_06.ps
Residue properties
3301948 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TGDGVNDAPALKKAE I G I AMGSGTAVAKTAS EMVLADDNF S T I VAAVEEGRA I YNNMKQF I RYL I S SNVGEVVC I FLTAALGL PEAL I PVQLLWVNLVTD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
. . * . *
*
*
+
*
+
. *
+
. *
*
+
* * * *
*
. . *
*
* *
+
. * * . . . . *
+
* *
+
. * * *
+
. . * . *
+
. *
+
* *
*
. *
+
. . . * * * . . . . * . *
*
+
*
+
* * . . *
+
*
+
* * . *
+
. * * * . . * * *
+
. . . *
*
+
* *
*
. . * * *
*
+
* *
+
* *
+
* . *
+
*
+
*
+
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
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3301948_06.ps
Residue properties
3301948 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GLPATALGFNP PDLD IMDRP PRS PKEP L I SGWL F FRYMA I GGYVGAATVGAAAWWFLYAEDGPHVNYSQLTHFMQCTEDNTHF EG I DCEVF EAPE PMTMA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
*
+
. * . *
*
*
*
*
+
* * * * * . *
+
* . *
*
+
*
*
*
*
* * . * * * *
+
*
+
* * . * *
*
*
*
+
*
*
* *
+
*
*
*
*
*
*
+
* *
+
. . . * * . . * * * *
+
. *
+
. . *
+
*
*
+
* *
*
*
+
* *
*
*
+
*
+
*
*
*
*
*
+
*
*
*
*
*
+
. . *
+
*
+
* . . . *
*
*
*
+
. *
+
*
*
*
+
. *
+
. . *
*
+
. *
+
*
*
*
+
* . * * * *
+
*
+
*
+
. .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
c
c
c
c
c = cis-peptide
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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3301948_06.ps
Residue properties
3301948 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L SVLVT I EMCNALNS LS ENQS LLRMP PWVN IWLLGS I CL SMSLHF L I LYVDPL PMI FKLRALDLTQWLMVLK I SL PV I GLDE I LKFVARNYLEG
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
* * * * * * . * *
+
. *
+
*
+
*
+
* *
+
. . . . * *
+
*
*
*
+
*
*
+
* * *
+
. *
+
. *
+
. . * * . * . . * . * . * * . * *
*
+
*
7
.
5
*
*
*
*
*
+
* *
+
* *
+
* *
*
*
+
. . *
+
*
*
*
+
* * * * *
+
* * . *
*
+
*
+
. *
+
*
*
*
* . *
+
* . *
*
*
+
*
+
*
*
+
*
*
*
*
+
. * *
+
. *
+
*
+
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
c
c
c = cis-peptide
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
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Ave
  -0.10
  -0.01
   0.08
   0.47
  -0.78
  -0.23
   0.37
  -0.10
   0.10
  -0.09
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RMS distances from planarity
3301948 - Chain A
PROCHECK
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Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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PROCHECK Side-chain parameters
3301948 - Chain A
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3301948 - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   124        13.7      13.6     6.5        0.0    Inside 
b. Chi-1 trans st dev         
   243        15.2      15.3     5.3       -0.0    Inside 
c. Chi-1 gauche plus st dev   
   423        11.6      13.8     4.9       -0.4    Inside 
d. Chi-1 pooled st dev        
   790        13.1      14.3     4.8       -0.2    Inside 
e. Chi-2 trans st dev         
   254        12.5      17.7     5.0       -1.0    BETTER 
Chain#:1
File: /var/www/SAVES/Jobs/17421191//errat.pdb
Overall quality factor**: 87.134
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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SERCA1-3N5K-TG
Chain#:1
File: /var/www/SAVES/Jobs/17421191//errat.pdb
Overall quality factor**: 87.134
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/17421191//errat.pdb
Overall quality factor**: 87.134
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/17421191//errat.pdb
Overall quality factor**: 87.134
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
6399041 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
6399041 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
6399041_10.ps
Distorted geometry
6399041 - Chain A
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Main-chain bond angles        
A Thr 242 - A Glu 243
C CA
N
121.7
 12.9134.6
Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
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CB 
A Asp 994
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CB 
Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   880        91.5      88.2    10.0        0.3    Inside 
b. Omega angle st dev         
   988         5.9       6.0     3.0       -0.0    Inside 
c. Bad contacts / 100 residues
     4         0.4       1.0    10.0       -0.1    Inside 
d. Zeta angle st dev          
   927         2.0       3.1     1.6       -0.7    Inside 
e. H-bond energy st dev       
   674         0.6       0.7     0.2       -0.3    Inside 
f. Overall G-factor           
   994        -0.1      -0.2     0.3        0.4    Inside 
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6399041 - Chain A  
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SER 503 (A)
TYR 867 (A)
GLU 889 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   805  91.5%
Residues in additional allowed regions  [a,b,l,p]    
    67   7.6%
Residues in generously allowed regions  [~a,~b,~l,~p]
     5   0.6%
Residues in disallowed regions                       
     3   0.3%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   880 100.0%
Number of end-residues (excl. Gly and Pro)           
     2       
Number of glycine residues (shown as triangles)      
    67       
Number of proline residues                           
    45       
                                                     
  ----       
Total number of residues                             
   994       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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d. Secondary structure & estimated accessibility
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d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NA I VGVWQERNAENA I EALKEYE PEMGKVYRADRKSVQR I KARD I VPGD I VEVAVGDKVPAD I R I LA I KSTTLRVDQS I LTGE SVSV I KHTEPVPDPRAV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . * * * . * *
+
*
0
.
5
*
*
*
*
+
. . . *
+
* *
*
*
+
*
+
*
+
*
+
*
+
*
+
* * *
*
. *
+
*
*
*
. *
*
+
. . . . . . * *
+
*
*
. . . *
*
* *
*
+
* *
+
*
*
*
+
*
+
* . . * . *
*
*
+
. *
+
* *
+
*
*
+
*
*
+
. . * * * *
*
. * *
*
. *
+
*
+
. *
+
*
+
*
*
*
*
*
+
*
2
.
5
*
. . *
*
. * . *
+
. . . *
*
*
*
*
*
* . * . * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
Page  2
6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    2
    4
    6
    8
   10
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Highlighted residues are those that
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d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
PVRPGQYDGLVELAT I CALCNDS SLDFNEAKGVYEKVGEATETALTTLVEKMNVFNTDVRS LSKVERANACNSV I RQLMKKEF TLEF SRDRKSMSVYCS P
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. *
*
. * * * . * . *
+
. * *
+
. * * . *
+
*
*
*
*
+
* . . * . *
+
* . *
+
. . . * . * *
+
* * . . * *
*
*
+
. *
*
* . * . . * * *
*
. * * . *
+
* . *
*
*
*
. *
+
* * . *
+
*
+
*
+
* . * * * *
*
*
*
* * *
+
*
*
. . *
*
*
. *
+
. *
+
. . *
+
* *
+
* * * . *
+
*
*
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
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6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
AKS SRAAVGNKMFVKGAPEGV I DRCNYVRVGTTRVPLTGPVKEK IMAV I KEWGTGRDTLRCLALATRDT P PKREEMVLDDSARFLEYETDLTFVGVVGML
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . *
*
. * . * * . . *
*
+
. * *
*
. . * *
*
* . . *
+
* *
+
*
+
. * . * * *
+
*
+
*
+
* *
+
*
+
* *
+
* * . . . . * *
*
. * . . . * . *
+
. * * * *
+
* *
*
*
*
. * . *
*
+
. *
+
. * . * * *
+
. * *
+
*
+
. . . . *
+
* * * *
+
*
*
*
+
* * . . . . *
*
. * * *
*
*
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
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6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
DP PRKEVTGS I QLCRDAG I RV IMI TGDNKGTA I A I CRR I G I FGENEEVADRAYTGRE FDDL PLAEQREACRRACCFARVEP SHKSK I VEYLQSYDE I TAM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
*
+
*
+
*
*
+
* . *
*
+
* *
*
*
. . * * *
+
. * . * * * * . *
*
* *
+
*
+
*
+
*
+
. . . . . . * * * . * * *
*
*
*
*
*
+
. . . *
+
*
+
. . . * * *
*
*
*
* . . * . * * *
*
* *
*
. *
+
. * * . * *
+
*
*
+
. . *
+
*
*
. *
+
*
+
* * *
*
. *
*
* * * * . * . *
+
*
*
* *
+
* *
+
*
*
+
*
+
.
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TGDGVNDAPALKKAE I G I AMGSGTAVAKTAS EMVLADDNF S T I VAAVEEGRA I YNNMKQF I RYL I S SNVGEVVC I FLTAALGL PEAL I PVQLLWVNLVTD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
* . * * . . *
+
*
+
* *
+
* *
*
. * * *
*
+
. . *
+
. * . * * . . . . *
+
* *
+
* * . *
+
. . * * *
*
*
+
* *
+
*
+
. *
+
* . . * . * . * . * * *
+
*
+
* * . * . . * * *
+
* . . *
+
* *
+
. * *
+
*
6
.
6
*
*
6
.
6
*
*
*
* . * * . * . . *
+
. * . * . * * *
*
*
+
* *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Page  8
6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GLPATALGFNP PDLD IMDRP PRS PKEP L I SGWL F FRYMA I GGYVGAATVGAAAWWFLYAEDGPHVNYSQLTHFMQCTEDNTHF EG I DCEVF EAPE PMTMA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
*
*
* * . *
+
*
*
*
+
*
*
+
* . . *
+
. *
*
* *
+
* *
*
+
. * *
+
. . . * . . . * . . * *
+
* . *
*
+
*
+
*
*
* * . . * . . . . * * * * *
+
. * * *
*
* . . *
+
*
+
*
+
*
*
*
+
*
+
*
+
*
*
*
*
*
+
. *
+
*
+
*
+
*
+
. *
+
. * . * * *
*
*
* *
+
* . * . . *
*
* * . * * . * *
+
* . .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
c
c
c
c
c = cis-peptide
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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6399041_06.ps
Residue properties
6399041 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    6
   12
   18
   24
   30
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L SVLVT I EMCNALNS LS ENQS LLRMP PWVN IWLLGS I CL SMSLHF L I LYVDPL PMI FKLRALDLTQWLMVLK I SL PV I GLDE I LKFVARNYLED  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. * * * *
+
* . *
+
* . *
+
*
+
*
+
*
+
*
+
*
+
. *
+
. * *
+
* *
+
* * . *
+
*
*
+
*
+
. . *
*
* * . * . . . * * * *
+
*
+
* * *
+
*
*
*
3
.
5
*
* . *
+
*
+
* * . *
*
*
+
. *
*
*
+
*
+
. . . * *
+
. * * . * *
*
+
*
*
* *
*
+
*
+
. *
+
*
+
*
+
*
*
*
* *
+
* . *
*
*
+
*
+
*
*
*
*
. . * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
c
c
c = cis-peptide
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
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RMS distances from planarity
6399041 - Chain A
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Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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6399041 - Chain A
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6399041 - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   112        10.5      13.6     6.5       -0.5    Inside 
b. Chi-1 trans st dev         
   240        11.9      15.3     5.3       -0.6    Inside 
c. Chi-1 gauche plus st dev   
   439        10.4      13.8     4.9       -0.7    Inside 
d. Chi-1 pooled st dev        
   791        11.0      14.3     4.8       -0.7    Inside 
e. Chi-2 trans st dev         
   273        12.0      17.7     5.0       -1.1    BETTER 
Chain#:1
File: /var/www/SAVES/Jobs/39231329//errat.pdb
Overall quality factor**: 88.900
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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SERCA1-4XOU-PMCA1b
Chain#:1
File: /var/www/SAVES/Jobs/39231329//errat.pdb
Overall quality factor**: 88.900
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/39231329//errat.pdb
Overall quality factor**: 88.900
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/39231329//errat.pdb
Overall quality factor**: 88.900
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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PROVE
SERCA1−4XO_x.pdb
Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
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Chi1-Chi2 plots
SERCA1-4XO_x - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
SERCA1-4XO_x_03.ps
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Chi1-Chi2 plots
SERCA1-4XO_x - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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SERCA1-4XO_x_10.ps
Distorted geometry
SERCA1-4XO_x - Chain A
PROCHECK
Page  1
Main-chain bond lengths        
A Ser  52
N CA1.458
1.516
0.059
A Tyr 524
CA CB1.530
1.588
0.058
A Glu 546
CA CB1.530
1.580
0.050
A Ala 617
CA C1.525
1.469
0.056
A Leu 940
CA C1.525
1.468
0.057
Bonds differing by > 0.05A from small-molecule values. Values shown: "ideal", difference, actual
Main-chain bond angles        
A Pro  92
N C
CA
111.8
 12.4124.2
A Gln 128 - A Pro 129
CA N
C
116.2
 10.4126.6
A Pro 129
N C
CA
111.8
 13.3125.1
A Pro 129 - A Pro 130
CA N
C
116.9
 12.6129.5
A Val 202
N C
CA
111.2
 13.1 98.1
A Lys 357
N C
CA
111.2
 10.3121.5
A Thr 409 - A Pro 410
CA N
C
116.2
 10.7126.9
A Val 500 - A Pro 501
CA N
C
116.2
 12.0128.2
A Ile 506 - A Pro 507
CA N
C
116.2
 10.5126.7
A Thr 525
N CB
CA
111.5
 11.0122.5
A Gly 536
N C
CA
112.5
 10.7123.2
A Asn 543
CB C
CA
110.1
 11.5121.6
A Ile 893
CB C
CA
109.1
 12.5121.6
A Pro 967
CA O
C
120.8
 10.7110.1
A Pro 967 - A Pro 968
CA N
C
116.9
 15.7132.6
A Ile1061 - A Pro1062
CA N
C
116.2
 10.0126.2
Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
A Trp 103
0.041
CB 
A Tyr 127
0.037
CB 
A Phe 181
0.038
CB 
A Phe 194
0.034
CB 
A Glu 240
0.021
CG 
A Glu 296
0.027
CG 
SERCA1-4XO_x_10.ps
Distorted geometry
SERCA1-4XO_x - Chain A
PROCHECK
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Planar groups (contd)
A Asp 302
0.029
CB 
A Asp 314
0.030
CB 
A Glu 318
0.026
CG 
A Asp 348
0.029
CB 
A Phe 392
0.112
CB 
A Phe 397
0.080
CB 
A Trp 404
0.119
CB 
A Tyr 415
0.145
CB 
A Phe 419
0.082
CB 
A Asp 453
0.026
CB 
A His 459
0.038
CB 
A Asp 475
0.034
CB 
A Tyr 491
0.036
CB 
A Tyr 497
0.090
CB 
A Tyr 513
0.156
CB 
A Tyr 524
0.223
CB 
A Glu 546
0.024
CG 
A Tyr 573
0.044
CB 
A Tyr 576
0.034
CB 
A Phe 578
0.034
CB 
A Tyr 596
0.047
CB 
A Phe 624
0.036
CB 
A Phe 652
0.095
CB 
A Glu 667
0.038
CG 
A Phe 739
0.049
CB 
A Trp 759
0.081
CB 
A His 774
0.102
CB 
A Asp 827
0.027
CB 
A Phe 855
0.053
CB 
A Phe 858
0.051
CB 
A Trp 889
0.064
CB 
A Asp 895
0.023
CB 
A Tyr 917
0.037
CB 
A Tyr 938
0.054
CB 
A Phe 944
0.069
CB 
A Phe 948
0.031
CB 
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Distorted geometry
SERCA1-4XO_x - Chain A
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Planar groups (contd)
A Phe 954
0.037
CB 
A His 971
0.043
CB 
A Tyr 972
0.034
CB 
A Phe 976
0.052
CB 
A Phe 979
0.034
CB 
A Glu 996
0.026
CG 
A Phe1009
0.112
CB 
A Phe1031
0.034
CB 
A Trp1041
0.072
CB 
Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
SERCA1-4XO_x_01.ps
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Ramachandran Plot
SERCA1-4XO_x - Chain A  
Phi (degrees)
Ps
i (
de
gre
es)
PRO 92 (A)
LYS 93 (A)
GLN 128 (A)GLU 144 (A)
GLU 146 (A)
GLU 191 (A)
GLN 201 (A)
LYS 256 (A)
ALA 293 (A)
GLU 297 (A)
ASN 310 (A)
GLN 326 (A)
LEU 336 (A)
LYS 347 (A)
LYS 357 (A)
LYS 401 (A)
CYS 408 (A)
SER 595 (A)
TRP 664 (A)
ASP 730 (A)
PHE 731 (A)
THR 896 (A)
PHE 1026 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   779  88.1%
Residues in additional allowed regions  [a,b,l,p]    
    83   9.4%
Residues in generously allowed regions  [~a,~b,~l,~p]
    13   1.5%
Residues in disallowed regions                       
     9   1.0%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   884 100.0%
Number of end-residues (excl. Gly and Pro)           
     1       
Number of glycine residues (shown as triangles)      
    80       
Number of proline residues                           
    46       
                                                     
  ----       
Total number of residues                             
  1011       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
SERCA1-4XO_x_08.ps
Main-chain bond angles
SERCA1-4XO_x - Chain A
PROCHECK
Page  1
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    0
CA-C-N
(except Gly,Pro)
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CA-C-N
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    0
O-C-N
(except Pro)
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    0
O-C-N
(Pro)
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    0
C-N-CA
(except Gly,Pro)
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    0
C-N-CA
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    0
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    0
CA-C-O
(except Gly)
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    0
CA-C-O
(Gly)
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95 100 105 110 115 120
    0
CB-CA-C
(Ala)
Fr
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y
94 99 104 109 114 119
    0
CB-CA-C
(Ile,Thr,Val)
Fr
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y
Black bars >  2.0 st. devs. from mean. or signifies data points off the graph in the direction shown.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Main-chain bond angles
SERCA1-4XO_x - Chain A
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    0
N-CA-CB
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
SERCA1-4XO_x_07.ps
Main-chain bond lengths
SERCA1-4XO_x - Chain A
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CA-CB
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    0
CA-CB
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    0
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(the rest)
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1.33 1.37 1.41 1.45 1.49 1.53
    0
N-CA
(except Gly,Pro)
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N-CA
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N-CA
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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PROCHECK Main-chain parameters
SERCA1-4XO_x - Chain A
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a. Ramachandran plot quality assessment
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b. Peptide bond planarity - omega angle sd
Resolution (Angstroms)
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c. Measure of bad non-bonded interactions
Resolution (Angstroms)
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d. Alpha carbon tetrahedral distortion
Resolution (Angstroms)
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e. Hydrogen bond energies
Resolution (Angstroms)
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f. Overall G-factor
Resolution (Angstroms)
G
-fa
ct
or
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean       
a. %-tage residues in A, B, L 
   884        88.1      88.2    10.0        0.0    Inside 
b. Omega angle st dev         
  1009         8.0       6.0     3.0        0.7    Inside 
c. Bad contacts / 100 residues
     0         0.0       1.0    10.0       -0.1    Inside 
d. Zeta angle st dev          
   931         3.9       3.1     1.6        0.5    Inside 
e. H-bond energy st dev       
   631         0.8       0.7     0.2        0.4    Inside 
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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RMS distances from planarity
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Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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SERCA1-4XO_x - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean       
a. Chi-1 gauche minus st dev  
   101        13.5      13.6     6.5        0.0    Inside 
b. Chi-1 trans st dev         
   269        10.0      15.3     5.3       -1.0    BETTER 
c. Chi-1 gauche plus st dev   
   446         9.1      13.8     4.9       -1.0    Inside 
d. Chi-1 pooled st dev        
   816        10.2      14.3     4.8       -0.9    Inside 
e. Chi-2 trans st dev         
   279        11.3      17.7     5.0       -1.3    BETTER 
Chain#:1
File: /var/www/SAVES/Jobs/67157873//errat.pdb
Overall quality factor**: 96.127
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/67157873//errat.pdb
Overall quality factor**: 96.127
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/67157873//errat.pdb
Overall quality factor**: 96.127
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Main-chain bond angles        
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CA
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A Leu 335 - A Pro 336
CA N
C
116.2
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A Pro 474
N C
CA
111.8
 12.6124.4
Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
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Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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f. Overall G-factor
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   782        92.3      88.2    10.0        0.4    Inside 
b. Omega angle st dev         
   878         5.9       6.0     3.0       -0.0    Inside 
c. Bad contacts / 100 residues
     0         0.0       1.0    10.0       -0.1    Inside 
d. Zeta angle st dev          
   818         3.2       3.1     1.6        0.0    Inside 
e. H-bond energy st dev       
   603         0.7       0.7     0.2        0.2    Inside 
f. Overall G-factor           
   879        -0.0      -0.2     0.3        0.5    Inside 
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Ramachandran Plot
8593413 - Chain A  
Phi (degrees)
Ps
i (
de
gre
es)
LYS 146 (A)
ALA 178 (A)
ALA 205 (A)
LYS 496 (A)
LEU 533 (A)
LYS 773 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   722  92.3%
Residues in additional allowed regions  [a,b,l,p]    
    54   6.9%
Residues in generously allowed regions  [~a,~b,~l,~p]
     4   0.5%
Residues in disallowed regions                       
     2   0.3%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   782 100.0%
Number of end-residues (excl. Gly and Pro)           
     2       
Number of glycine residues (shown as triangles)      
    61       
Number of proline residues                           
    34       
                                                     
  ----       
Total number of residues                             
   879       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
8593413 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
8593413 - Chain A  
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   90
  180
Phi             
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Val (83)
Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
A
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
S EKSLEELSKLVP PECHCVREGKLEHTLARDLVPGDTVCLSVGDRVPADLRLF EAVDLS I DES SLTGETTPCSKVTAPQPAATNGDLASRSN I AFMGTLV
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    D = D-amino acid
124 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 
Page  2
8593413_06.ps
Residue properties
8593413 - Chain A
PROCHECK
   10
   20
   30
   40
   50
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
224 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 
    8
   16
   24
   32
   40
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
224 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 
   20
   40
   60
   80
  100
c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
RMVKKRA I VKKLP I VETLGCCNV I CSDKTGTLTKNEMTVTH I F TSDGLHAEVTGVGYNQFGEV I VDGDVVHGFYNPAVSR I VEAGCVCNDAV I RNNTLMG
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
KPTEGAL I ALAMKMGLDGLQQDY I RKAEYP F S S EQKWMAVKCVHRTQQDRP E I CFMKGAYEQV I KYCTTYQSKGQTLTLTQQQRDVYQQEKARMGSAGLR
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
VLALASGPELGQLTF LGLVG I I DP PRTGVKEAVTTL I ASGVS I KMI TGDSQETAVA I ASRLGLYSKT SQSVSGEE I DAMDVQQLSQ I VPKVAVFYRAS PR
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
524 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 605 610 615 620 
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8593413 - Chain A
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
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b. Absolute deviation from mean of omega torsion
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
624 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 705 710 715 720 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
HKMK I I KSLQKNGSVVAMTGDGVNDAVALKAAD I GVAMGQTGTDVCKEAADMI LVDDDFQT IMSA I EEGKG I YNN I KNFVRFQLS TS I AALTL I S LATLM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
624 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 705 710 715 720 
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Residue properties
8593413 - Chain A
PROCHECK
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
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724 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 805 810 815 820 
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b. Absolute deviation from mean of omega torsion
Residue number
O
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s. 
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
724 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 805 810 815 820 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NF PNP LNAMQ I LWI N I IMDGP PAQS LGVE PVDKDV I RKP PRNWKDS I LTKNL I LK I LVS S I I I VCGTLFVFWRELRDNV I T PRDTTMTF TCFVF FDMFNA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
724 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 805 810 815 820 
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Residue properties
8593413 - Chain A
PROCHECK
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
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824 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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b. Absolute deviation from mean of omega torsion
Residue number
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824 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
824 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L S SRSQTKSVF E I GLCSNRMFCYAVLGS IMGQLLV I YF P PLQKVFQTES LS I LDLLF LLGLTS SVC I VAE I I KKVERSR
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
824 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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RMS distances from planarity
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Histograms showing RMS distances of planar atoms from best-fit plane.
signifies data points off the graph in the direction shown.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   102        11.0      13.6     6.5       -0.4    Inside 
b. Chi-1 trans st dev         
   223        10.0      15.3     5.3       -1.0    Inside 
c. Chi-1 gauche plus st dev   
   395         8.7      13.8     4.9       -1.0    BETTER 
d. Chi-1 pooled st dev        
   720         9.5      14.3     4.8       -1.0    Inside 
e. Chi-2 trans st dev         
   238        10.2      17.7     5.0       -1.5    BETTER 
Chain#:1
File: /var/www/SAVES/Jobs/68591299//errat.pdb
Overall quality factor**: 92.966
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/68591299//errat.pdb
Overall quality factor**: 92.966
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/68591299//errat.pdb
Overall quality factor**: 92.966
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/68591299//errat.pdb
Overall quality factor**: 92.966
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
E
r
r
o
r
 
v
a
l
u
e
*
920 940 960 980
PROVE
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Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
Average Z−score
A
ve
ra
ge
 Z
−s
co
re
Resolution(Angstroms)
1.00 1.50 2.00 2.50 3.00 3.50
 −1.0
 −0.8
 −0.6
 −0.3
 −0.1
  0.1
  0.3
  0.6
  0.8
  1.0
Z−score RMS
Z−
sc
or
e 
R
M
S 
Resolution(Angstroms)
1.00 1.50 2.00 2.50 3.00 3.50
  0.5
  1.0
  1.5
  2.0
  2.5
   	
		  !  !
"#$%	
		  !  ! 
`(\:QU>;@&&&&&&&&&&&aMRLI;:T@V&&&YGBC&&->9:TLSUV&&&YGFD&&&&,9L;:TTV&&&YGEA&7&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&'7&*T:S:;&Z;>NH@V&&&&JJGFW&<MURMS&TMPMU@&&&YGXW&RMZRTMZRULI&&&&&&&&&&&&&&&&&&&7&&7&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&7&&'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('&&&&'&3:b&?L&<>;UR&MS9L@UMZ:UMSZ&\N;URL;G&&O&c>;UR&MS9L@UMZ:UMSZ&\N;URL;G&&
8158724_03.ps
Page  1
PROCHECK
Chi1-Chi2 plots
8158724 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
8158724 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
8158724 - Chain A  
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
8158724_10.ps
Distorted geometry
8158724 - Chain A
PROCHECK
Page  1
Main-chain bond lengths        
A Thr 506
CA C1.525
1.604
0.079
A Thr 506 - A Ser 507
C N1.329
1.424
0.095
A Ser 507
CA CB1.530
1.585
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A Ser 507
N CA1.458
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A Ser 509
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A Ser 509
CA C1.525
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A Ser 509 - A Lys 510
C N1.329
1.409
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A Lys 510
CA C1.525
1.602
0.077
A Lys 510 - A Met 511
C N1.329
1.395
0.066
A Met 511
N CA1.458
1.526
0.068
Bonds differing by > 0.05A from small-molecule values. Values shown: "ideal", difference, actual
Main-chain bond angles        
A Arg 164
N C
CA
111.2
 10.2101.0
A Thr 506
CA O
C
120.8
 22.2 98.6
A Thr 506 - A Ser 507
CA N
C
116.2
 21.0137.2
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CA O
C
120.8
 18.1102.7
A Ser 509 - A Lys 510
O N
C
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C CA
N
121.7
 14.3136.0
A Lys 510 - A Met 511
C CA
N
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 13.7135.4
A Asp 600
N C
CA
111.2
 13.4 97.8
Bond angles differing by > 10.0 degrees from small-molec values. Values shown: "ideal", actual, diff.
Planar groups        
A Phe  57
0.032
CB 
A Asp 556
0.028
CB 
Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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Plot statistics
Residues in most favoured regions  [A,B,L]           
   776  87.9%
Residues in additional allowed regions  [a,b,l,p]    
   102  11.6%
Residues in generously allowed regions  [~a,~b,~l,~p]
     4   0.5%
Residues in disallowed regions                       
     1   0.1%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   883 100.0%
Number of end-residues (excl. Gly and Pro)           
     1       
Number of glycine residues (shown as triangles)      
    64       
Number of proline residues                           
    45       
                                                     
  ----       
Total number of residues                             
   993       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Main-chain bond angles
8158724 - Chain A
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Black bars >  2.0 st. devs. from mean. or signifies data points off the graph in the direction shown.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Main-chain bond lengths
8158724 - Chain A
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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PROCHECK Main-chain parameters
8158724 - Chain A
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c. Measure of bad non-bonded interactions
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e. Hydrogen bond energies
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f. Overall G-factor
Resolution (Angstroms)
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   883        87.9      88.2    10.0       -0.0    Inside 
b. Omega angle st dev         
   992         2.3       6.0     3.0       -1.2    BETTER 
c. Bad contacts / 100 residues
    18         1.8       1.0    10.0        0.1    Inside 
d. Zeta angle st dev          
   929         1.1       3.1     1.6       -1.3    BETTER 
e. H-bond energy st dev       
   669         0.7       0.7     0.2        0.0    Inside 
f. Overall G-factor           
   993         0.3      -0.2     0.3        1.6    BETTER 
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Residue properties
8158724 - Chain A
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
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b. Absolute deviation from mean of omega torsion
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
A
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
MENAHTKTVEEVLGHFGVNES TGLS LEQVKKLKERWGSNEL PAEEGKTLLELV I EQF EDLLVR I LLLAAC I S FVLAWFEEGEET I TAFVEP FV I LL I LVA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
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Dihedrals  
MC bonds   
MC angles  
Mainchain  
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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Residue properties
8158724 - Chain A
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NA I VGVWQERNAENA I EALKEYE PEMGKVYRQDRKSVQR I KAKD I VPGD I VE I AVGDKVPAD I RLTS I KSTTLRVDQS I LTGE SVSV I KHTDPVPDPRAV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
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c. C-alpha chirality: abs. deviation of zeta torsion
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Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NQDKKNMLF SGTN I AAGKAMGVVVATGVNTE I GK I RDEMVATEQERT PLQQKLDE FGEQLSKV I S L I C I AVWI I N I GHFNDPVHGGSWI RGA I YYFK I AV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
ALAVAA I PEGL PAV I TTCLALGTRRMAKKNA I VRS LP SVETLGCT SV I CSDKTGTLTTNQMSVCRMF I LDRVEGDTCSLNE FT I TGS TYAP I GEVHKDDK
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
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b. Absolute deviation from mean of omega torsion
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
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v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
PVNCHQYDGLVELAT I CALCNDSALDYNEAKGVYEKVGEATETALTCLVEKMNVFDTELKGLSK I ERANACNSV I KQLMKKEF TLEF SRDRKSMSVYCT P
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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Residue properties
8158724 - Chain A
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
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b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
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n 
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v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NKP SRTSMSKMFVKGAP EGV I DRCTH I RVGS TKVPMT SGVKQK IMSV I REWGSGSDTLRCLALATHDNP LRREEMHLEDSANF I KYETNLT FVGCVGMLD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
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Mainchain  
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Residue properties
8158724 - Chain A
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
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v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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b. Absolute deviation from mean of omega torsion
Residue number
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s. 
m
ea
n 
de
v.
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
P PR I EVAS SVKLCRQAG I RV IMI TGDNKGTAVA I CRR I G I FGQDEDVTSKAFTGREFDELNP SAQRDACLNARCFARVE P SHKSK I VEF LQS FDE I TAMT
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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Residue properties
8158724 - Chain A
PROCHECK
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GDGVNDAPALKKAE I G I AMGSGTAVAKTASEMVLADDNF ST I VAAVEEGRA I YNNMKQF I RYL I S SNVGEVVC I F LTAALGF P EAL I PVQLLWVNLVTDG
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . * * * *
+
* . . . . * * * *
*
*
*
. * . *
+
* *
+
. * . . * . *
+
. . . * . . *
*
. * * * . . . * . . . . . . * . . . . *
*
* *
+
* * * . . . . . . . . . . . . * *
*
. *
+
*
*
* . *
+
* . . . . *
*
*
. * * . * . *
+
*
*
*
. *
*
* *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
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Residue properties
8158724 - Chain A
PROCHECK
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L PATALGFNP PDLD IMNKP PRNPKE PL I SGWLF FRYLA I GCYVGAATVGAAAWWF I AADGGPRVS FYQL SHFLQCKEDNPDFEGVDCA I FE S PYPMTMAL
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f. Max. deviation (see listing)
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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Residue properties
8158724 - Chain A
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a. Absolute deviation from mean Chi-1 value (excl. Pro)
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b. Absolute deviation from mean of omega torsion
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c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
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905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
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g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
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Ave
  -0.16
  -0.08
   0.05
   0.51
   0.51
   0.15
   0.62
   0.36
   0.47
   0.28
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Histograms showing RMS distances of planar atoms from best-fit plane.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
    99        17.0      13.6     6.5        0.5    Inside 
b. Chi-1 trans st dev         
   266        16.2      15.3     5.3        0.2    Inside 
c. Chi-1 gauche plus st dev   
   437        14.8      13.8     4.9        0.2    Inside 
d. Chi-1 pooled st dev        
   802        15.5      14.3     4.8        0.2    Inside 
e. Chi-2 trans st dev         
   277        11.2      17.7     5.0       -1.3    BETTER 
Chain#:1
File: /var/www/SAVES/Jobs/37421814//errat.pdb
Overall quality factor**: 95.273
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/37421814//errat.pdb
Overall quality factor**: 95.273
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/37421814//errat.pdb
Overall quality factor**: 95.273
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Chain#:1
File: /var/www/SAVES/Jobs/37421814//errat.pdb
Overall quality factor**: 95.273
Program: ERRAT2
Residue # (window center)
95%
99%
*On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.
**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit.  Good high resolution
structures generally produce values around 95% or higher.  For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%. 
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Analysis of entire structure
Pontius et al. (1996) J. Mol. Biol. 264, 121−136
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Chi1-Chi2 plots
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Ramachandran plots for all residue types
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Numbers of residues are shown in brackets. Those in unfavourable conformations (score < -3.00) are labelled.            
Shading shows favourable conformations as obtained from an analysis of 163 structures at resolution 2.0A or better.
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Distorted geometry
1716851 - Chain A
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Sidechains with RMS dist. from planarity > 0.03A for rings, or > 0.02A otherwise. Value shown is RMS dist.
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1716851 - Chain A  
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THR 171 (A)
ALA 374 (A)
HIS 864 (A)
PHE 867 (A)
Plot statistics
Residues in most favoured regions  [A,B,L]           
   803  91.7%
Residues in additional allowed regions  [a,b,l,p]    
    69   7.9%
Residues in generously allowed regions  [~a,~b,~l,~p]
     3   0.3%
Residues in disallowed regions                       
     1   0.1%
                                                     
  ---- ------
Number of non-glycine and non-proline residues       
   876 100.0%
Number of end-residues (excl. Gly and Pro)           
     2       
Number of glycine residues (shown as triangles)      
    66       
Number of proline residues                           
    50       
                                                     
  ----       
Total number of residues                             
   994       
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected 
to have over 90% in the most favoured regions.
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Main-chain bond angles
1716851 - Chain A
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
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Main-chain bond lengths
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Black bars >  2.0 st. devs. from mean.
Solid and dashed lines represent the mean and standard deviation values as per Engh & Huber small-molecule data.
1716851_04.ps
PROCHECK Main-chain parameters
1716851 - Chain A
1.0 1.5 2.0 2.5 3.0 3.5 4.0
   20
   40
   60
   80
  100
a. Ramachandran plot quality assessment
Resolution (Angstroms)%
-ta
ge
 o
f r
es
id
ue
s i
n 
m
os
t f
av
ou
re
d 
re
gi
on
s
1.0 1.5 2.0 2.5 3.0 3.5 4.0
    5
   10
   15
   20
   25
b. Peptide bond planarity - omega angle sd
Resolution (Angstroms)
St
an
da
rd
 d
ev
ia
tio
n 
(de
gre
es)
1.0 1.5 2.0 2.5 3.0 3.5 4.0
   10
   20
   30
   40
   50
   60
   70
c. Measure of bad non-bonded interactions
Resolution (Angstroms)
B
ad
 c
on
ta
ct
s p
er
 1
00
 re
sid
ue
s
1.0 1.5 2.0 2.5 3.0 3.5 4.0
  2.5
  5.0
  7.5
 10.0
 12.5
 15.0
 17.5
 20.0
d. Alpha carbon tetrahedral distortion
Resolution (Angstroms)
Ze
ta
 a
ng
le
 st
an
da
rd
 d
ev
. (d
eg
ree
s)
1.0 1.5 2.0 2.5 3.0 3.5 4.0
  0.5
  1.0
  1.5
  2.0
e. Hydrogen bond energies
Resolution (Angstroms)
St
an
da
rd
 d
ev
ia
tio
n 
(kc
al/
mo
l)
1.0 1.5 2.0 2.5 3.0 3.5 4.0
 -2.0
 -1.5
 -1.0
 -0.5
  0.0
  0.5
  1.0
f. Overall G-factor
Resolution (Angstroms)
G
-fa
ct
or
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. %-tage residues in A, B, L 
   876        91.7      88.2    10.0        0.3    Inside 
b. Omega angle st dev         
   993         4.9       6.0     3.0       -0.4    Inside 
c. Bad contacts / 100 residues
    21         2.1       1.0    10.0        0.1    Inside 
d. Zeta angle st dev          
   928         1.5       3.1     1.6       -1.0    Inside 
e. H-bond energy st dev       
   668         0.7       0.7     0.2        0.1    Inside 
f. Overall G-factor           
   994         0.2      -0.2     0.3        1.1    BETTER 
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
A
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
MEAAHLL PAADVLRHF SVTAEGGLS PAQVTGARERYGPNEL P S EEGKSLWELVLEQF EDLLVR I LLLAALVS FVLAWFEEGEETTTAFVEP LV IML I LVA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . . . * * . * . *
+
. . * . *
*
+
*
*
. . * . . *
+
*
*
* * . * * *
*
*
. . *
*
. * *
*
*
. . . * . * *
*
*
. * . * *
+
. . . . . . * *
+
. * *
*
*
*
+
. * . . . . . . . *
*
+
. . . * *
+
* * . *
+
. *
+
* *
*
+
*
+
*
*
*
*
*
*
*
+
* *
+
* * * . . . * . . *
+
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
Page  1
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NA I VGVWQERNAE SA I EALKEYE PEMGKV I RSDRKGVQR I RARD I VPGD I VEVAVGDKVPADLRL I E I KSTTLRVDQS I LTGE SVSVTKHTEA I PDPRAV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . . . * . . * . * *
*
+
*
+
*
+
. * *
+
*
*
*
+
*
+
*
+
* * * *
+
* . . *
*
+
*
*
+
*
*
. . * * . . *
+
*
*
. . . . . . *
+
*
+
. *
*
*
+
* . . . . . *
+
. * *
+
* *
*
*
+
*
*
*
*
*
*
. *
+
* *
*
*
*
*
*
*
+
*
*
. * * * * * *
*
*
+
*
7
.
4
*
. . . *
+
. * *
+
. * . *
+
* *
*
* . *
+
. * *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 
Page  2
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
NQDKKNMLF SGTN I T SGKAVGVAVATGLHTELGK I RSQMAAVE PERT PLQRKLDE FGRQLSHA I SV I CVAVWV I N I GHFADPAHGGSWLRGAVYYFK I AV
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . * . . *
+
*
*
+
. * *
*
. * * * * . * *
+
*
+
* * . * . *
+
. *
+
. *
+
. . . *
+
. . *
+
. * . . *
+
*
+
*
*
*
*
*
. * * . . . * * . . * . *
*
. * . . * * . * . . * * * . *
+
* *
+
* . * * * *
+
* * * . . . *
+
*
*
+
* * * *
+
. * . *
+
* * .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 
Page  3
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
ALAVAA I PEGL PAV I TTCLALGTRRMARKNA I VRS LP SVETLGCT SV I CSDKTGTLTTNQMSVCRMFVVAEADAGSCLLHE FT I SGTTYTP EGEVRQGDQ
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . . . * *
+
* *
*
+
. . . * . . . . * . . * . . . . . . . *
*
*
+
*
+
. . . * * * *
*
. *
+
. *
+
*
+
*
*
*
* * * . *
+
* *
*
*
*
. *
*
* . *
+
. . *
+
. * *
+
. . * * * * *
+
*
+
*
*
* . . *
*
. *
+
. *
+
*
*
*
+
*
+
*
+
. *
*
*
*
+
. *
+
*
+
. . *
+
. *
+
. . *
*
+
* . . *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 
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1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
PVRCGQFDGLVELAT I CALCNDSALDYNEAKGVYEKVGEATETALTCLVEKMNVFDTDLQALSRVERAGACNTV I KQLMRKEF TLEF SRDRKSMSVYCT P
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
* *
*
*
+
. * * *
*
. *
+
* . * . * * . * *
+
*
*
* *
+
. . *
*
* . . *
+
. *
+
. . . * . . . . . * . *
+
. *
+
* . . * * . . *
+
. * * *
*
+
*
*
+
*
*
*
+
* . *
+
. . . * *
*
+
*
+
*
+
* . * . * * . * * * *
*
+
*
+
* * * *
+
*
*
+
. * . . . . *
*
*
+
*
+
. . *
*
* *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 
Page  5
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TRPHP TGQGSKMFVKGAPE SV I ERCS SVRVGSRTAPLTP TSREQ I LAK I RDWGSGSDTLRCLALATRDAP PRKEDMELDDCSKFVQYETDLTFVGCVGML
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . *
+
*
*
*
*
+
*
*
+
. . . *
*
*
*
+
. *
*
*
+
*
+
. *
*
+
. *
*
*
*
*
*
. *
+
*
*
+
* * . * * *
*
+
*
+
. *
+
*
*
+
*
*
+
. * . *
*
+
*
+
*
*
*
. . * . * . * . * *
+
. * *
+
*
9
.
4
*
. *
+
*
+
* *
+
* *
+
* * *
*
. *
*
+
* * . * *
+
. . *
*
*
+
* * * *
+
*
+
*
+
*
+
. * * . . . * *
+
*
+
* * *
*
. . *
+
. * . *
*
+
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
505 510 515 520 525 530 535 540 545 550 555 560 565 570 575 580 585 590 595 600 
Page  6
1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
DP PRP EVAAC I TRCYQAG I RVVMI TGDNKGTAVA I CRRLG I FGDTEDVAGKAYTGRE FDDL S P EQQRQACRTARCFARVEPAHKSR I VENLQS FNE I TAM
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
*
+
*
*
*
*
*
*
+
. * *
+
*
+
. *
*
*
* * . * *
+
* . *
+
* . . *
+
*
+
* . *
*
*
*
* . . . * * * . . . . * *
+
*
+
*
+
. *
+
*
*
*
+
. *
*
+
. . . *
+
*
+
*
*
* * * . . * * *
*
. * . *
+
. . *
*
+
. * *
+
*
*
*
+
* * * * . * * *
+
*
+
* . *
+
*
+
. * * * . . * *
*
* *
+
. *
*
*
*
+
* .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
605 610 615 620 625 630 635 640 645 650 655 660 665 670 675 680 685 690 695 700 
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1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
TGDGVNDAPALKKAE I G I AMGSGTAVAKSAAEMVL SDDNFAS I VAAVEEGRA I YSNMKQF I RYL I S SNVGEVVC I FLTA I LGL PEAL I PVQLLWVNLVTD
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. * * . *
+
* * . * . . . * * *
+
* . *
+
. * *
+
. . . . *
+
. . *
+
. * . . . * . *
+
*
*
+
* * * . *
+
. * . . * . . . . . . *
*
. . *
*
. *
+
* * . . . . * * . . . * . . . *
+
*
+
. . *
+
. . * *
+
*
+
. . * *
+
. *
+
. . . . . *
+
*
*
*
* *
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
705 710 715 720 725 730 735 740 745 750 755 760 765 770 775 780 785 790 795 800 
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1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
GLPATALGFNP PDLD IMEKLPRS PREAL I SGWL F FRYLA I GVYVGLATVAAATWWFVYDAEGPH I NFYQLRNF LKCS EDNP LFAG I DCEVF ESRF PTTMA
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. * * * . . * *
+
* . * *
+
. * . *
*
. . *
+
* *
+
. . *
+
* . * . . . . . *
+
. . * *
*
* * . . * * *
+
. *
*
*
* * * . * . . * . * *
*
. * * *
*
+
. * *
*
* *
*
+
*
*
+
*
+
*
*
*
+
. . *
*
+
*
+
*
+
* *
*
+
. . * * *
+
*
+
. . *
*
*
*
+
* * *
*
*
+
*
+
* * *
*
*
. * *
*
*
* . .
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
805 810 815 820 825 830 835 840 845 850 855 860 865 870 875 880 885 890 895 900 
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1716851_06.ps
Residue properties
1716851 - Chain A
PROCHECK
   20
   40
   60
   80
  100
a. Absolute deviation from mean Chi-1 value (excl. Pro)
Residue number
Ch
i-1
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    4
    8
   12
   16
   20
b. Absolute deviation from mean of omega torsion
Residue number
O
m
eg
a 
ab
s. 
m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
    2
    4
    6
    8
   10
c. C-alpha chirality: abs. deviation of zeta torsion
Residue number
Ze
ta
 a
bs
. m
ea
n 
de
v.
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
Highlighted residues are those that
deviate by more than 2.0 st. devs. from ideal     
d. Secondary structure & estimated accessibility
Key:- Helix Beta strand Random coil Accessibility shading: Buried Accessible
e. Sequence & Ramachandran regions
L SVLVT I EMCNALNSVS ENQS LLRMP PWMNPWLLVAVAMSMALHF L I LLVP PL PL I FQVTP LSGRQWVVVLQ I SL PV I LLDEALKYL SRNHMHA  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most favoured Allowed Generous Disallowed
f. Max. deviation (see listing)
. . * *
+
*
+
* *
*
*
+
* * . *
+
* * * *
+
*
*
. * . . * * *
*
+
*
+
*
+
* * * *
+
. * . . . * . *
*
. *
*
+
. . . * * * * *
*
*
+
*
*
+
*
*
*
*
*
+
*
9
.
4
*
* . *
+
*
*
*
. . *
+
*
*
*
+
* . *
*
*
*
. *
*
* *
*
*
+
*
*
+
. . . *
*
*
*
*
+
*
*
+
* . *
+
. * *
*
. * * . *
+
*
*
*
+
* *
*
. *
*
*
+
.
g. G-factors
Phi-psi    
Chi1-chi2  
Chi1 only  
Chi3 & chi4
Omega      
Dihedrals  
MC bonds   
MC angles  
Mainchain  
Overall    
905 910 915 920 925 930 935 940 945 950 955 960 965 970 975 980 985 990 
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Ave
  -0.02
  -0.13
  -0.14
   0.48
  -0.27
  -0.08
   0.62
   0.42
   0.50
   0.16
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RMS distances from planarity
1716851 - Chain A
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Histograms showing RMS distances of planar atoms from best-fit plane.
Black bars indicate large deviations from planarity: RMS dist > 0.03 for rings, and > 0.02 otherwise.
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PROCHECK Side-chain parameters
1716851 - Chain A
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1716851 - Chain A
Plot statistics
Comparison values No. of
                              
  No. of   Parameter  Typical   Band    band widths       
Stereochemical parameter      
 data pts    value     value    width    from mean        
a. Chi-1 gauche minus st dev  
   109        18.3      13.6     6.5        0.7    Inside 
b. Chi-1 trans st dev         
   267        17.6      15.3     5.3        0.4    Inside 
c. Chi-1 gauche plus st dev   
   401        16.4      13.8     4.9        0.5    Inside 
d. Chi-1 pooled st dev        
   777        17.1      14.3     4.8        0.6    Inside 
e. Chi-2 trans st dev         
   259        12.1      17.7     5.0       -1.1    BETTER 
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